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meningeal, and bone marrow involvement: A case report
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Abstract. Breast cancer (BC) with overexpression of human
epidermal growth factor receptor 2 (HER?2) is closely associ-
ated with an elevated risk of multiple distant metastases and
unfavorable prognosis. Disitamab Vedotin (RC48) is a newly
developed antibody-drug conjugate targeting HER2, which is
comprised of hertuzumab coupled to monomethyl auristatin E
via a cleavable linker. Pre-clinical studies indicated its strong
anti-tumor activity in HER2-positive and low HER?2 expres-
sion models of BC. The present study reported on the case of a
60-year-old postmenopausal female who suffered from fatigue
and was diagnosed with a right-sided BC tumor. The diagnosis
was stage IV (cT4AN3M1) hormone receptor (HR)-positive
and HER2-positive invasive ductal carcinoma with systemic
metastases (brain included). The patient initially responded
well to 26 cycles of the first-line anti-HER?2 targeted therapy
plus chemotherapy (trastuzumab-+pertuzumab+nab-paclitaxel)
combined with whole-brain radiotherapy. However, both
extracranial and intracranial lesions achieved progressive
disease (PD), which eventually occurred during 5 sequential
cycles of maintenance therapy. Subsequently, 4 cycles of
second-line treatment (trastuzumab + pyrotinib + capecitabin)
were continued until the levels of blood tumor markers CEA,
CA15-3 and CA125 were elevated, and systemic PD was able to
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be attained (the brain metastases were rated as stable disease).
Finally, the patient received RC48 as the third-line therapy and
achieved a durable and effective clinical response. To date,
the patient has benefited from 12 cycles of RC48 without any
severe adverse effects. The overall survival was >3 years. The
present study showcased that RC48 was effective and tolerable
for a patient with HR- and HER2-positive BMBC.

Introduction

Human epidermal growth factor receptor 2 (HER2) is ampli-
fied in ~15-20% of breast cancer (BC) cases (1), which is
associated with a more aggressive disease behavior, unfavor-
able overall survival (OS) and shorter time to relapse (2).
Among patients with HER2-positive BC, approximately
half are also hormone receptor (HR)-positive (3). Previous
studies have demonstrated that patients with metastatic BC
(MBC) with HER2-positive/HR-positive status benefit from
HER2-targeted therapy (1-3).

The number of patients with brain MBC (BMBC) with
HER2-positive status has increased, and this is associ-
ated with a lower quality of life, unfavorable prognosis and
less responsiveness to systemic therapies (4-6). In recent
decades, the survival time of patients with BMBC was
<6 months and even whole-brain radiotherapy (WBRT)
and effective systemic treatment have not been established
for metastases to the central nervous system (7,8). With the
development of anti-HER?2 therapies for patients with BMBC
with HER2-positive status, the survival rate in advanced
stages was significantly improved. The combination of
pertuzumab, trastuzumab and docetaxel was recommended
as a standard therapeutic option for patients with advanced
disease in 2020 (9). While the second-line therapy included
the combination of Ado-trastuzumab (T-DMI1) and a tyrosine
kinase inhibitor pyrotinib-based regimen (10), there is still no
recognized single-standard third-line therapy for patients with
HER2-positive BMBC (11), and new therapeutic strategies are
urgently required.

Antibody-drug conjugates (ADCs), comprised of an anti-
body against the antigen of interest, a linker and a payload
cytotoxic agent, were designed for specific delivery of
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cytotoxic agents to malignant cells (12). Disitamab Vedotin
(RC48) contains the novel humanized anti-HER?2 antibody
(hertuzumab) conjugated to monomethyl auristatin E (MMAE)
via a cleavable linker (12,13), which is the first ADC drug that
was independently developed by Rongchang Biology and
was approved in China in June 2021 for patients with locally
advanced or metastatic gastric cancer (including gastro-
esophageal junction adenocarcinoma) overexpressing HER-2
who have received at least 2 systemic chemotherapies based
on successful trials (13). In a xenograft tumor model of human
BC resistant to trastuzumab and lapatinib, the efficacy of RC48
was significantly higher than that of lapatinib, trastuzumab or
an equal dose of T-DM1 (11). According to the clinical trials
performed to date (NCT03052634 and NCT03500380), RC48
demonstrated promising efficacy for patients with BMBC
with high or low expression level of HER2 (14). Furthermore,
treatment-related adverse events (AEs) were commonly grade
1-2. Thus, patients with BMBC may consistently benefit from
RC48 with promising efficacy and safety. The present study
reported the case of a 60-year-old female patient with BMBC
with HER2-positive status who responded well to single RC48
therapy as the third-line treatment. The results showcased that
RC48 may provide a significant clinical benefit for patients
with BMBC with HER2-positive/HR-positive status with
tolerable AEs.

Case report

A 60-year-old postmenopausal female initially presented to
Minhang Branch of Zhongshan Hospital, Fudan University
(Shanghai, China) in April 2019 with a mass in the right
breast, complaining of fatigue and lethargy. Physical exami-
nation revealed a 3.0-cm hard irregular mass in the central
area of the right breast with inversion of the nipple and several
swollen lymph nodes in the right axilla. Analysis of blood
samples indicated markedly low hemoglobin level (48 g/1;
normal range: 110-150 g/1I) and platelet count (39x10°/1; normal
range: 100-300x10%/1) with high levels of carcinoembryonic
antigen (CEA; 203.70 ng/ml; normal range: 0-5 ng/ml),
carbohydrate antigen 125 (CA125; 2,267 U/ml; normal range:
0-35 U/ml) and CA15-3 (4,754 U/ml; normal range: 0-25 U/ml).
Contrast-enhanced breast magnetic resonance imaging (MRI)
and computed tomography (CT) revealed right-sided breast
malignant tumor with breast imaging-reporting and data
system score of 5 (15) and the possibility of multiple axillary
lymph nodes and multiple systemic bone metastases (Fig. 1).
Pathology of the right breast performed based on the core
needle biopsy indicated grade I invasive ductal carcinoma with
the following immunohistochemistry (IHC) results: estrogen
receptor (ER) (80%), progesterone receptor (PR) (-), HER2
(3+) and Ki-67 proliferation marker (Ki-67) (20%) (Fig. 2A).
Furthermore, histology and IHC of bone marrow biopsy from
the posterior superior iliac spine detected metastatic tumor
cells (adenocarcinoma) with ER (+), PR (-), Ki-67 (<5%) and
cytokeratin pan (CK-pan) (+) (Fig. 2B). Tissue samples derived
from core needle and bone marrow biopsy specimens were
fixed in 10% formalin at room temperature for 24 h, paraffin
embedded and subjected to histological or immunohisto-
chemical analysis. Sections (4 ym) were heated at 58°C for 2 h
and then deparaffinized in xylene and hydrated with a series

of graded alcohols, including anhydrous ethanol for 5 min,
95% ethanol for 2 min, 90% ethanol for 2 min, 80% ethanol
for 2 min and 70% ethanol for 2 min. H&E staining was used
for histological analysis. Antigen recovery was performed by
heating and immersing the slides in citrate buffer (0.01 M,
pH 9.0; cat. no., P0020; Beijing Noble Technology Co., Ltd.)
in a microwave oven (121°C) for 10 min twice. Endogenous
peroxidase activity was blocked using 3% hydrogen peroxide
for 30 min at 20°C, and the sections were incubated with
anti-ER (1:1 dilution; 37°C; 24 min; cat. no. 05278406001),
anti-PR (1:1 dilution; 37°C; 24 min; cat. no. 05277990001),
HER2 (1:1 dilution; 37°C; 20 min; cat. no. 05999570001,
all from Roche Diagnostics), Ki-67 (1:1,000 dilution; 4°C
overnight; cat. no. ARG11083) and CK-pan (1:500 dilu-
tion; 4°C overnight; cat. no. ARG56128; all from Arigo).
Subsequently, sections were washed and incubated with a
biotinylated anti-mouse/rabbit secondary antibody (1:500 dilu-
tion; cat. no. D0486 and D0487; Dako; Agilent Technologies,
Inc.) at 37°C for 15 min. Cells with positive immunostaining
were counted and imaged under a light microscope (Olympus
BX43; Olympus Corporation) with a magnification of x100,
x200 and x400. The patient was a postmenopausal female and
therefore, no further hormonal blood tests were performed.
The positron emission tomography-CT (PET-CT) confirmed
the right-sided breast malignant tumor [30.1x25.3 mm;
maximum standardized uptake value (SUVmax) of 5.2
(UniSyn™ Image Fusion software; version 2019; Convergent
Imaging Solutions, Inc.)] with multiple lymph nodes, systemic
bone metastases and possible metastases to the pleura and
liver (Fig. 1). Besides, the contrast-enhanced brain MRI indi-
cated nodules in the bilateral frontal lobe and right cerebellar
with meningeal enhancement (Fig. 1). However, neurological
physical examination revealed no positive signs, which indi-
cated asymptomatic meningeal or brain metastases. Therefore,
the tumor-node-metastasis (TNM) classification (16) was
designated as cT4AN3M]1, stage I'V.

In order to enhance the patient's ability to tolerate chemo-
therapy, the patient received transfusion of red blood cells to
improve anemia, as well as recombinant human thrombopoi-
etin injection (RHTI; Sansheng Pharmaceutical Co., Ltd.)
to elevate the platelet count. Furthermore, zoledronic acid
was prescribed for the patient's bone metastasis. The patient
received the PPH regimen [trastuzumab (Genentech Inc.;
6 mg/kg) on day O (the first dose, 8 mg/kg) + pertuzumab
(Genentech Inc.; 420 mg) on day O (the first dose, 840 mg) +
paclitaxel (Bristol-Myers Squibb Co.) 120 mg on day 1, 150 mg
on day 8, q3w] as the first-line therapy for 3 cycles. As for
the progressively enlarged brain metastatic lesions, the patient
received helical tomotherapy (intensity, DT 4,000 cGy/20 fx
for whole-brain and DT 6,000 cGy/20 fx for the metastatic
area). As the glucocorticoid pretreatment of paclitaxel caused
severe hypertension, the PPH regimen was replaced with the
PHA regimen (trastuzumab + pertuzumab + nab-paclitaxel
(Abraxis BioScience, Inc.) 200 mg on days 1 and 8, q3w) for
an additional 23 cycles. Contrast-enhanced brain MRI then
indicated reduction of brain metastases and PET-CT displayed
that the right breast mass had shrunk to 18 mm in diameter.
Thus, the treatment efficacy was rated as partial response (PR)
according to the Response Evaluation Criteria in Solid Tumors
version 1.1 (17). Afterwards, trastuzumab and pertuzumab
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Figure 1. Baseline imaging presentation. (A) PET/CT (10 days after initial presentation; coronal section) indicated a malignant tumor in the right breast
(30.1x25.3 mm?; SUVmax, 5.2; marked by cross 1) with right-sided axillary (20.7x11.2 mm? SUVmax, 3.2; and 17.4x9.8 mm; SUVmax, 6.0; marked by
cross 2) and internal mammary (19.1x11.5 mm? SUVmax, 2.6; marked by cross 3) metastatic lymph nodes. (B) PET/CT (median sagittal section) indicated
systemic bone metastases in spine (marked by cross 4), bilateral ribs and sternum. (C) Contrast-enhanced breast CT (at the initial presentation) indicated an
irregular mass with an unclear margin in the areola area of the right breast (31x15x22 mm?; breast imaging-reporting and data system score of 5). (D) Cranial
T1 weighted MRI (15 days after initial presentation) revealed nodular lesions in the right cerebellum (marked by the arrow). (E) Abdominal T2-weighted MRI
(14 days after initial presentation) suggested metastases in the liver with multiple abnormal round signaling shadows (one is 8 mm in diameter, marked by
the red arrow). (F) Cranial T1 weighted MRI revealed nodular lesions in bilateral frontal lobes (marked by white arrows) with leptomeningeal enhancement
(marked by the blue arrow). SUVmax, maximum standardized uptake value; PET, positron emission tomography.
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Figure 2. H&E staining and IHC staining of the breast mass, axillary lymph nodes and bone marrow metastases. (A) H&E staining of breast tissue and axillary
lymph nodes suggested grade II invasive ductal carcinoma with the following IHC staining results: HER2 (+++), ER (++), PR (-) and Ki67 (20%). (B) Histology
of bone marrow biopsy indicated atypical cells with the following IHC staining results: CK-pan (+), HER2 (+), ER (+), PR (+) and Ki67 (<5%), which are
consistent with bone marrow metastasis (magnification, x200). IHC, immunohistochemistry; HER2, human epidermal growth factor receptor 2; ER, estrogen
receptor; PR, progesterone receptor; CK, cytokeratin; BM, bone marrow.

were recommended as maintenance therapy for intolerable
grade III neurotoxicity resulting from nab-paclitaxel.
However, after 5 cycles of maintenance therapy, splenic
parenchyma exhibiting nodule formation with a high glucose
metabolism rate was identified by PET-CT. It is noteworthy
that only a number of the bone metastatic lesions were detected
with high uptake of 16a-["*F] fluoro-17p-estradiol (*F-FES) by
ER imaging, which demonstrated inter-tumoral and temporal
heterogeneity of ER expression levels. At the same time,
CA125 was markedly increased from 237.8 (December 2020)

to 713.3 (January 2021) U/ml. The breast mass was enlarged
to 33x25x18 mm? in size and the contrast-enhanced brain
MRI also suggested an increase in the size of cerebral nodules
with peripheral edema. Therefore, the final evaluation of
therapeutic efficacy indicated progressive disease (PD) and
the patient received the second-line treatment [trastuzumab
(6 mg/kg) on day 1 + pyrotinib (Hengrui Pharmaceutical
Co., Ltd.; 400 mg) po daily + capecitabine (1,250 mg/m?) bid
from day 1 to day 14, q3w] for 4 cycles. Although loperamide
was prescribed to prevent severe diarrhea and the dose of
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pyrotinib was modulated to 320 mg, the patient still experi-
enced grade III diarrhea, grade I/II vomiting and grade I/II
hand-foot syndrome. Furthermore, CA-125 levels continued
to rise, accompanied by progressively decreased hemoglobin
levels, and PET-CT was repeated and indicated enlarged
splenic metastases with a higher level of glucose metabolism,
again indicating PD.

As a result, the third-line treatment, including anti-HER-2
ADC RC48 (Rongchang Biopharmaceutical Co., Ltd.;
120 mg, q2w) was prescribed for 12 cycles. It is noteworthy
that the patient demonstrated a satisfactory stable response
with acceptable tolerability to this regimen, which was more
obvious when the patient's current and previous statuses
were compared and there were previously several BC-related
complications (anemia and low platelet level) and development
of trastuzumab resistance. Cranial and abdominal MRI scans
were performed again, which indicated stable disease (SD)
(Fig. 3), and breast ultrasonography suggested a reduction in
the size of the mass (25x12x20 mm?®). Of note, the levels of
the three tumor markers (CEA, CA-125 and CA15-3) were
progressively reduced, while hemoglobin levels increased to a
normal level within two months (Fig. 4). Furthermore, RC48
demonstrated promising safety and no obvious drug toxicity
was recorded during the treatment. AEs, such as grade I
liver injury and grade I fatigue, were able to be controlled by
symptomatic treatment, which not only prolonged the patient's
survival time (>3 years so far) but also markedly improved the
patient's quality of life as self-reported by the patient. In the
future, the patient will be closely followed up by blood test
and imaging examinations. If the treatment effect is rated as
PD or the patient is not able to tolerate RC48 in the future, a
combination of hormone therapy may be considered or RC48
may be replaced with another ADC drug.

Discussion

The selection of the first-line treatment for a patient with
BMBC initially diagnosed with multiple metastases, and even
accompanied by severe anemia and thrombocytopenia caused
by bone marrow involvement, asymptomatic meningeal or
brain metastasis, liver metastasis and poor performance status
posed a significant challenge. The present study indicated that
the expression of Ki-67 in the primary mass of the breast (20%)
and the bone marrow involvement (<5%) was different, and it
was initially deduced that the metastatic lesions were relatively
indolent. Furthermore, the decalcification of the bone marrow
specimen may have impaired the IHC results for Ki-67. For
patients with HER-2 positive and HR-positive BMBC, the
National Comprehensive Cancer Network guidelines (18)
recommend trastuzumab + pertuzumab + paclitaxel as the
first-line treatment, and dual HER2 blockade and hormonal
therapy are only prescribed for those who were not able to
tolerate chemotherapy. For the present case, chemotherapy
was the first choice due to visceral metastasis. However, the
common AE of paclitaxel is myelo-suppression, which gener-
ally occurs 8-10 days after treatment (19). A previous study
demonstrated that myelosuppression occurred faster and more
severe in patients with bone metastasis after chemotherapy
or radiotherapy (20). Endocrine therapy is tolerable, while it
requires a longer time to reach its highest efficacy. Finally,

the patient chose the standard regimen with dual anti-HER?2
therapy combined with paclitaxel after diligently correcting
anemia and thrombocytopenia. A weekly regimen rather than
3-week administration of paclitaxel was used to reduce the
incidence of AEs. Furthermore, more effective therapeutic
schemes have been developed to avert bone marrow suppres-
sion and other AEs. The metronomic paclitaxel therapy, which
was defined as low-dose oral administration of metronomic
paclitaxel, previously demonstrated a stronger anti-angiogen-
esis activity, prolonged survival and a decreased incidence of
AEs in patients with BC in clinical practice (21,22). Of note, in
the present case, there was no obvious recurrent myelosuppres-
sion during the treatment.

Meningeal metastasis in brain parenchyma was another
clinical challenge for the patient of the present study. In
previous studies, the median OS in the brain metastasis
group with the best prognostic survival score was generally
no more than 13 months (23), while the median OS in the
meningeal metastasis group was only 6 months (24,25).
Expert consensus and guidelines have demonstrated that
systematic treatment should be used as the first treatment
for patients with BMBC with rapid progression of extra-
cranial lesions, followed by local treatments of intracranial
lesions, such as stereotactic radiosurgery and WBRT,
until the disease is controlled. Trastuzumab combined
with pertuzumab was able to significantly prolong OS of
patients with cancer compared with anti-HER2 therapy
(44 vs. 17 months, P<0.001) (26,27). The present case
was diagnosed with BMBC at the first visit and defined
as HER2-positive. The patient received dual anti-HER2
therapy plus chemotherapy and one month later, SD was
confirmed with a slightly enlarged mass. The patient
then underwent WBRT and both the intracranial and
extracranial lesions achieved PR. Thus, even for patients
with HER2 overexpression undergoing relatively effective
systematic treatment, the local treatment is also important,
particularly for those with symptoms.

Although HR positivity predicts the efficacy of endocrine
agents, preclinical and clinical data suggested that HER2 over-
expression may indicateintrinsicresistance tohormonal therapy.
The strategy of using anti-estrogen treatment was considered
for the patient of the present study. Several meta-analyses have
demonstrated that 16a-"®F-fluoro-17p-estradiol ('®°F-FES)-PET
imaging noninvasively assesses the ER status in BC, which
is consistent with the results of THC (28,29). The sensitivity
and specificity of "F-FES-PET in a meta-analysis were good,
i.e. 0.82-0.84 and 0.93-0.98, respectively (29). To indicate the
heterogeneous expression of ER in patients with MBC prior
to and after treatment (29), patients underwent PET-CT and
BE-FES-PET during the course of the disease, in which the
former assessed the extent of malignant lesions and the latter
sensitively quantified the distribution and biological activity
of functional ER. However, only a number of the bone meta-
static lesions with high uptake of '®F-FES were detected using
ER imaging and all the other masses were negative, which
demonstrated tumor heterogeneity in terms of ER expression.
As THC indicated negativity for PR (although ER was positive)
and the visceral and brain metastases were life-threatening, no
anti-estrogen treatment was selected. However, anti-estrogen
therapy combined with cyclin-dependent kinase 4/6 inhibitors
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Before RC48 Treatment

Figure 3. Comparison of MRI prior to (June, 2021) and after (December, 2021) third-line treatment based on the newest evidence. On contrast-enhanced
abdominal T1-weighted MRI, abnormal small nodular signals were observed in (A and F) segment II of the left lobe and in segment VI of the right lobe of the
liver, and (B and G) a wedge-shaped abnormal signal area was observed in the subcapsular of the spleen (10x13 mm?). Contrast-enhanced brain MRI indicated
(Cand H) multiple brain metastases in the bilateral frontal lobes, (D and I) leptomeninges and (E and J) right parietal lobe. The results indicated that there was
no obvious progression after administration of RC48 and the imaging findings were rated as stable disease.
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Figure 4. Levels of three serum tumor markers measured (A) after the first-line therapy and (B) after the other treatment strategies had been applied. (A) The
patient responded well to the initial 3 and 14 cycles of the first-line therapy, as the levels of all three tumor markers significantly decreased. (B) CA-125
levels continuously increased with the maintenance and second-line therapies. Single-dose RC48 significantly reduced the levels of the three tumor markers.
Measurement of the hemoglobin level and platelet count (C) after the first-line treatment and (D) during the second- and third-line therapy. (C) After transfu-
sion of red blood cells and injection of RHTI, first-line chemotherapy was initiated. Both hemoglobin levels and platelet count increased after 3 cycles of the
PPH regimen and 5 cycles of the PHA regimen. (D) The hemoglobin level and platelet count of the patient of the present study remained stable during admin-
istration of RC48, which indicated that RC48 hardly caused damage to the hematopoietic function. Regimens: RHTI, recombinant human thrombopoietin
injection; PPH, trastuzumab (6 mg/kg) on day O (the first dose, 8 mg/kg) + pertuzumab (420 mg) on day O (the first dose, 840 mg) + paclitaxel 120 mg on day 1,
150 mg on day 8, q3w; PHA, trastuzumab + pertuzumab + nab-paclitaxel 200 mg on days 1 and 8, qg3w; RC48, Disitamab Vedotin.

and anti-HER?2 drugs may be prescribed for the patient as the =~ HER2-positive, 40.7% had low expression of HER2 and 39.8%
next treatments. received no less than three chemotherapy-dependent regimens.

In June 2021, the new indication for RC48 was identified =~ Subgroup analysis indicated that patients benefited from treat-
by the Center for Drug Evaluation in China as a breakthrough  ment even if they were not driven by HER2 gene mutation or
therapy for HER2-positive patients with MBC with advanced  fusion (30). Thus, RC48 demonstrated consistent efficacy in
liver metastases that had been treated with trastuzumab and MBC with high or low expression of HER2. Nearly 40% of
paclitaxel (Table I). A pooled analysis of two studies published  patients were still able to achieve remission in the later-line
by the American Society of Clinical Oncology indicated that  treatment. Furthermore, the RC48 monotherapy demonstrated
of 118 patients with MBC treated with RC48, 59.3% were a promising efficacy for the patient of the present study in the
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third-line treatment and the progression-free survival reached
8 months.

Of note, a recent study indicated that combination of RC48
with programmed death-1 (PD-1)/programmed death ligand
1 (PD-L1) inhibitors significantly enhanced tumor suppres-
sion and antitumor immunity by massive T-cell infiltration
and immune marker activation in a human HER2-expressing
syngeneic breast cancer model, and contributed to immune
memory formation in animals with tumor eradication to
protect them against tumor recurrence (31). Previous studies
suggested that ADC drugs have anti-tumor immune activity
by exerting a more marked killing effect on the tumor or
adjacent tissues during intracellular release of the cytotoxic
payload (32,33), such as MMAE (34), which is a potent
inhibitor of tubulin polymerization and a major component
of RC48 (35). Therefore, the combination of RC48 and
anti-PD-1/PD-L1 antibodies is expected to be an emerging
treatment for patients with HER2-positive BMBC in future
clinical trials.

In recent years, treatments for patients with HR- and
HER2-positive advanced BMBC have noticeably attracted
clinicians' attention, particularly due to multiple organ
involvement and poor physical status. Of note, the increasing
application of RC48 will improve the prognosis of such
patients.
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