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Abstract: Currently, effective therapies for advanced gastric cancer with systemic metastasis are lacking. Pharmacological research
has been slowly progressing over the past decades. Here, we report the case of a 56-year-old female with human epidermal growth
factor receptor 2 (HER2) expression (IHC 2+/FISH-) in gastric cancer with systemic metastasis. The first-line therapeutic regime
consisted of systemic administration of camrelizumab, local arterial infusion of oxaliplatin and arterial embolization, oral apatinib, and
PS scheme (oral tegafur-gimeracil-oteracil (S-1) and paclitaxel (PTX), which was administered both intraperitoneally and systemi-
cally). After the treatment, a 3-month progression-free survival (PFS) was observed. Due to the occurrence of CTCAE grade 4 adverse
reactions, the patient could not tolerate chemotherapy. In the second line of treatment, we replaced the PS scheme with disitamab
vedotin and continued the use of carrilizumab and apatinib. After four cycles, efficacy evaluation showed that it was stable disease
(SD), only CTCAE 1/2 grade adverse reactions occurred, and endoscopy examination showed local tumor control with a reduction in
the ulcer lesion. At the time of submission of the current manuscript, a 6-month PFS was achieved and the treatment was continued.
Due to the safety and efficacy of disitamab vedotin observed in our case, we propose that disitamab vedotin could be a promising drug
for the treatment of advanced gastric cancer patients with HER2 expression.
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Introduction

Due to the lack of safety and effectiveness of the treatment of advanced gastric cancer, research on the same has attracted
much attention. Due to the unresectability of the gastric tumor, the focus is on neoadjuvant therapy, including systemic
chemotherapy, radiotherapy, targeted therapy, immunotherapy, and traditional Chinese medicine.

Disitamab Vedotin is a novel HER2-ADC drug developed independently in China. It was approved by the State Drug
Administration of China on June 9, 2021 and listed on the market (approval number: national drug standard S20210017). It
is mainly used to treat patients with locally advanced or metastatic gastric cancer with HER2 expression (IHC2+ or 3+),
regardless of whether a FISH test is positive or not. Disitamab Vedotin, an antibody-conjugated drug (ADC), consists of
three parts: anti-human epidermal growth factor receptor 2 extracellular domain (HER2 ECD) antibody, connectors (MC-
Val-Cit-PAB, Linker), and cytotoxin (Monomethyl Auristatin E MMAE). As for the action mechanism of Disitamab
Vedotin, after part of its antibody binds to the extracellular domain of HER2 on the cell surface, the ADC complex is
swallowed by the cell and transported to the lysosomes, and the connectors are digested with enzymes to release
microtubule inhibitor MMAE, which destroys the intracellular microtubule network and leads to mitotic cell cycle arrest
and apoptosis. In addition, in vitro studies have shown that Disitamab Vedotin can inhibit HER2 receptor signaling and
shows antibody-dependent cell-mediated cytotoxicity (ADCC)." Its common adverse reactions include hematological
abnormalities (decreased white blood cell and neutrophil counts) and elevated transaminase (aspartate aminotransferase
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and alanine aminotransferase). Clinical symptoms include alopecia, fatigue, and hypoesthesia. For detailed adverse
reactions and pharmacokinetic parameters, see Supplementary Material 1.

Compared to the traditional HER2 antibody, the antibody part of Disitamab Vedotin is a humanized monoclonal
antibody, whose affinity for the HER2 receptor is greater. Also, Disitamab Vedotin shows a better rate of tumor cell
endocytosis, and it is easier to transport small molecule toxins into the tumor cells. Disitamab Vedotin uses cleavable
cathepsin to connect to the small molecular toxic drug MMAE. Compared to ADC drugs that use non-cleavable
connectors (T-DM1), Disitamab Vedotin has a bypass killing effect, overcomes tumor spatial heterogeneity, enhances
the killing effect on adjacent tumor cells, and can kill tumor cells with a low expression of HER2. Also, due to the
precision of the targeted drugs, the adverse reactions of molecular toxic drugs are significantly lower than those of
systemic chemotherapeutic drugs.? With the C008 trial, it was confirmed that Disitamab Vedotin is effective and safe for
treating locally advanced or metastatic gastric cancer patients with both HER2-positive and low HER2 expression.’

Here, we report a case of systemic multiple metastatic advanced HER2 2+/Fish- gastric cancer. After the first-line
treatment, tumor progression was controlled. However, because of its adverse reactions, the treatment could not be
continued according to plan. In the second line, the patients benefited significantly after switching to Disitamab Vedotin.

Case Presentation

The patient, a 56-year-old female, was admitted to the hospital because of “4+ months of double hydronephrosis found
during a physical examination”. Computed tomography (CT) assessment indicated ulcerative gastric cancer with an
abdominal implant, bladder, and bone metastases. An endoscopic examination revealed that the ulcer of the gastric angle
was huge, and advanced gastric cancer was speculated. Diseased tissues were sampled during endoscopy and subjected to
pathological examination and genetic analysis, results of which are shown in Figure 1 and Table 1.Based on the results of
the endoscopic biopsy and imaging, the following diagnosis was made: 1. HER2 2+/FISH- and low-adhesion adeno-
carcinoma of the gastric antrum with peritoneal implantation, bladder, and bone metastases, cT4bN3M1 (IV stage); 2.
Bilateral kidney and bilateral ureteral hydronephrosis. After the first and second lines of treatment, the patient showed
stable disease and only CTCAE 1/2 grade adverse reactions. Figures 2—4 illustrate the entire treatment process, the
changes in the lesions as observed using CT, and the changes in the tumor and the wall of the gastric antrum observed
using endoscopy.

The First Line of Treatment

Based on the diagnosis and the results of the genetic test, a treatment plan was formulated after consultation with the
Multiple Disciplinary Team (MDT) and Professor Zhu Zhenggang, chairman of the Chinese gastric Cancer Committee.
Camrelizumab (IVGTT 200 mg Q3wks) was administered on March 15, 2021. Transurethral cystoscopy and pigtail
ureteral stent implantation in the right ureter was performed on March 17. During the surgery, the left ureteral orifice was
found to show atresia and the pigtail ureteral stents could not be placed. Therefore, digital subtraction angiography

Figure | Pathological sectioning and immunohistochemical results. (A) Pathological section (hematoxylin-eosin staining): gastric adenocarcinoma, prone to low-adhesion
carcinoma. (B) Immunohistochemical (IHC) results (5-mm paraffin section, primary antibody, HER2, Abcam (ab237715)): HER2 2+/FISH-, in the cancer tissues: > 10% of
tumor cells had complete cell membrane (basement membrane) and weak-to-moderate staining was observed. (C) IHC results (5-mm paraffin section, primary antibody, Ki-
67, Abcam (ab256724)): Ki-67 >80%, in the cancer tissues: brownish-yellow granules in the nucleus were positive, and the percentage of Ki-67-positive cells was more than
80%.
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Table | Genetic Test Results of Patients

Genes Result Region Concrete Result Specific Value Methodology
HER2 Negative - - -

VEGFR2 Positive - High expression 96.9%

PD-LI Negative - Normal copy number -

MSI Negative - MSS - NGS

CCNDI Positive E4 c.723G>A 62.5%

ABCBI Negative - -

TUBB3 Negative - -

Note: Genetic testing was performed using next-generation sequencing (NGS).

Abbreviations: HER2, human epidermal growth factor receptor 2; PD-LI, programmed cell death-ligand |; VEGFR2, vascular endothelial growth factor receptor 2; MSI,
microsatellite instability; MSS, microsatellite stability; ABCBI, ATP-binding cassette subfamily B member |; CCNDI, this gene encodes Cyclin DI; TUBB3, this gene encodes
a class Ill member of the B-tubulin family.

(DSA)-guided percutaneous left pyelography and left pigtail ureteral stent implantation was performed the next day. On
March 18, the left gastric artery and the right gastroepiploic artery were infused with 100 mg Oxaliplatin via
a transarterial interventional microcatheter, and then the two arteries were embolized using lipiodol. Apatinib (PO 0.5
g, qd, for 14 days Q3wks) was administered on March 21. On March 26, laparoscopic exploration, intraperitoneal
chemotherapy tube implantation, and chemotherapy infusion port implantation in the subcutaneous abdominal wall were
performed under general anesthesia (Figure 5). During the process, 500 mL yellow and turbid ascites and scattered
planting tumor nodules were found in the peritoneum of subphrenic, pelvic, and abdominal walls, and abdominal organs.
On March 29, Oral S-1 and Paclitaxel were administered intraperitoneally and systemically, which was the PS regimen.
In detail: S-1 PO, 40 mg, for 14 days, Q3wks; PTX IVGTT 50 mg/m” on days 1 and 8, intraperitoneal chemotherapy port
(IP) PTX 20 mg/m” on days 1 and 8, Q4wks. PTX was diluted in 1000 mL saline and administered intraperitoneally via
the intraperitoneal chemotherapy infusion port for 1 h, and PTX was infused intravenously at the same time. Along with
the antineoplastic therapy, nutritional support, traditional Chinese medicine, and other supporting treatments were
provided.

After the third cycle of PS treatment on June 6, there were CTCAE 3/4 grade adverse reactions. Among them,
myelosuppression, gastrointestinal bleeding, and secondary bacterial and fungal infections are life-threatening.
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Figure 2 The treatment procedures. PS regimen: oral tegafur-gimeracil-oteracil (S-1) and paclitaxel were administered intraperitoneally and systemically.
Abbreviations: AE, arterial embolization; SD, stable disease; PFS, progression-free survival.
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Figure 3 The changes in the lesions observed using CT scans. (A) The changes observed in the gastric antrum wall using three CT scans. (B) The changes observed in the
bladder wall using three CT scans. (C) The changes observed in the fifth lumbar metastasis using three CT scans.

Symptoms of urinary incontinence, which is considered to be related to bladder metastasis, were also observed. The
ECOG (Eastern Cooperative Oncology Group) score decreased to 4, and the QOL (Quality Of Life) score was 18. All
antineoplastic therapies had to be suspended on June 15. The patient was in poor condition and could not bear the PS

Ulcer area: 1.2*0.5cm; 3*2.5cm Ulcer area: 3*2.5cm Ulcer area: 2*1cm

-t - BN 3
2021-03-15 2021-06-20 2021-08-25
Baseline SD SD

Figure 4 The changes in the lesions observed during endoscopy. (A) The changes in the gastric ulcer lesions observed during three independent endoscopies. (B) The
changes observed in the gastric antrum wall during three independent endoscopies.
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Figure 5 The process of placing the intraperitoneal chemotherapy infusion port in the PS regimen. Paclitaxel was administered intraperitoneally by making a puncture at
point A. (A) Dissociate abdominal wall skin flap entirely. (B) Implant of intraperitoneal chemotherapy tube. (C) Place the chemotherapy tube in the abdominal cavity. (D) Fix
the chemotherapy port under the skin flap. (E) Suture skin.

regimen in the next cycle, so the curative effect was evaluated. CT scan results showed that the abdominal-retroperitoneal
lymph nodes were smaller than before, the abdominal and pelvic effusion was significantly reduced, the gastric antrum
wall and bladder wall thickened but not more than 20% and the range of bone metastasis was larger than before
(Figure 3). Endoscopy results showed that the area and depth of the ulcer were smaller than before (Figure 4). The result
of the efficacy evaluation was SD.

The Second Line of Treatment
After the first line of treatment, the tumor did not progress, which proved that our first line of treatment was effective.
However, because of serious adverse reactions threatening the patient’s life, we had to stop the treatment. Since the
patient was HER2 2+/FISH-, it was not advisable to administer Trastuzumab. As far as we know, there is no drug
available for such patients. A new HER2-ADC drug, Disitamab Vedotin, entered the market in China on June 9, 2021,
which could be used in the treatment of advanced gastric cancer of HER2 2+ and 3+, irrespective of whether a FISH test
was positive or not. It brought new hope for the patients in desperate condition. Considering this development, we
formulated a new treatment plan.

Considering that CTCAE 3/4 grade adverse reactions may be mainly due to the PS scheme, we changed the PS
scheme to Disitamab Vedotin and continued to use Apatinib and Camrelizumab. According to the drug usage instructions
(Supplementary Material 1), Disitamab Vedotin is administered via intravenous drip throughout the body, once every two

weeks, and the recommended dose is 2.5 mg/kg. The specific treatment plan after the change was as follows: On June 24,
Disitamab Vedotin (IVGTT 100 mg Q2wks) and Apatinib (PO, 0.5 g, qd, for 14 days, Q3wks), and on June 25,
Camrelizumab (IVGTT 200 mg q2wks) were administered. On June 27, 3 days after the first use of Disitamab Vedotin,
the patient’s urinary incontinence disappeared and the serious adverse reactions gradually alleviated. After three cycles,

Table 2 Comparison of Adverse Reaction Grades and ECOG and QOL Scores

Time After Using the 3-Cycle PS Scheme After Using the 3-Cycle Disitamab Vedotin
Event
Myelosuppression CTCAE 4 CTCAE 2
Gastrointestinal bleeding CTCAE 4 -
Secondary bacterial and fungal infection CTCAE 4 -
Mouth ulcer CTCAE 3 CTCAE |
Skin rash CTCAE 3 CTCAE 2
Urinary incontinence + -
ECOG score 4 |
QOL score 18 50
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the adverse reactions and quality of life of the patient significantly improved compared to those after the first-line
treatment, as shown in Table 2. After four cycles of Disitamab Vedotin treatment, a CT scan was performed on
August 12. Abdominal and pelvic effusion decreased again. No progress was observed in multiple osteogenic metastases
and the thickening of the gastric antrum wall and bladder wall. The enhancement of the gastric mucous surface was lesser
than before. The curative effect evaluation suggested SD. On August 25, after five cycles, endoscopy results showed that
the area of gastric angle ulcer was reduced by about 70%, the local gastric wall was softer, gastric peristalsis was visible,
and the biopsy was soft. At the time of submission of this case report, the patient was generally in good condition and
the second-phase treatment regimen was continued.

Discussion

The incidence of gastric cancer in China accounted for 43.9% of that of the world in 2020, and nearly 50% of the patients
were diagnosed at an advanced s‘[age.4 At present, the main treatments recommended by the Chinese Society of Clinical
Oncology (CSCO) guidelines for advanced gastric cancer are Apatinib, anti-PD-1, HER2-targeted therapy, and che-
motherapy. As far as >2-line chemotherapy is concerned, the common scheme is Irinotecan or PTX. The objective
remission rate (ORR) of the disease ranged from 3% to 10.9%.°"’ The incidence of adverse reactions of grade 4 of
CTCAE 3 was as high as 57%.® The curative effect of chemotherapy was limited and adverse reactions were common.
The 2-year survival rate of patients treated with Apatinib was close to that of the placebo group and there was no
significant improvement in the ORR. The incidence of adverse reactions in CTCAE 3/4 grade was more than 50%.° In
the study of anti-PD-1 -targeted therapy for advanced gastric cancer, the median Overall Survival (OS) was less than 6
months, the median PFS was less than 2 months, and the ORR was about 12%.'° After the first-line treatment of
Trastuzumab, the second-line and above treatments of HER2 -positive patients with advanced gastric cancer were not as
successful as that of breast cancer, which may be related to the high heterogeneity of HER2 expression in gastric cancer
and the change of pathway.'' The research and development of therapeutic drugs for advanced gastric cancer is slow, and
most of the targeted drugs do not, as of yet, provide the expected anti-tumor effect.'”> Currently, the 5-year survival rate of

? and the overall survival time is less than 1 year.'* Generally

advanced gastric cancer in China is less than 10%,"
speaking, the treatment of advanced gastric cancer is not satisfactory and new treatment options need to be explored.
Our patient has advanced gastric cancer with multiple systemic metastases. We have made a personalized treatment
plan according to the patient’s condition. If we had strictly followed the first-line treatment recommended by the CSCO
guidelines, once we failed, there would have been no chance of second-or third-line medication. Also, for advanced
gastric cancer with multiple metastases, the guidelines are mostly unavailable or they recommend the participation of the
patient in clinical trials. Our treatment plan combined the latest relevant clinical research in China and abroad, the
opinions of authoritative experts in the field of treatment of gastric cancer in China, and our own clinical experience. The
most important thing is that the patients trust us and agree with the treatment plan. The reasons for using various
treatments are: 1. PDLI gene is negative and there is Microsatellite Stability (MSS). We used Camrelizumab, a PD-1
inhibitor developed in China, since it has been reported that PD-1 inhibitors can benefit PDL[-negative advanced gastric
cancer patients,'> and our experience supported this. The mechanism may be related to unknown immune checkpoints.
Moreover, we used Carrilizumab before other treatments. We think that the mechanism of the PD-1 inhibitor is to
reactivate the immune response of T cells towards the tumor by inhibiting the binding of PD-1 of T cells to PD-L1
expressed by the tumor cells. Targeted therapy and chemotherapy lead to myelosuppression, thus, reducing the quality
and quantity of T cells in the body. The efficacy of PD-1 inhibitors might be weakened. 2. The reason for the first-line use
of Apatinib was that in related studies, Camrelizumab + Apatinib, as first-line therapy for advanced gastric cancer,
demonstrated encouraging antitumor activity and manageable toxicity.'® 3. Since the tumor was located in the gastric
antrum and was larger in size, it was easier to lead to pyloric obstruction. Oxaliplatin was infused through the left gastric
artery and the right gastroepiploic artery, and then, we embolized the two arteries. Local administration and cutting off of
the blood supply to the tumor can prevent the progression of the primary tumor to a certain extent. 4. The latest meta-
analysis of neoadjuvant intraperitoneal chemotherapy for gastric cancer showed that among the different regimens of
neoadjuvant intraperitoneal and systemic chemotherapy (NIPS), the PS regimen showed the best prognosis for gastric
cancer patients with peritoneal metastasis.'’ Therefore, the PS regimen is adopted for patients with extensive
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intraperitoneal metastasis. 5. The use of Disitamab Vedotin is the last treatment resort. The patient achieved a PFS of 6
months with fewer adverse reactions, justifying our treatment choices. However, for patients with advanced gastric
cancer with multiple systemic metastases, the next step is not known. How long does it take to use Vidixitumab? Is it
possible to operate? When should the surgery be performed? The answers to these questions are not known. The only
thing we can do is continue the therapy and pray that Disitamab Vedotin works again.

HER2 is a member of the epidermal growth factor transmembrane receptor family that is overexpressed in several
cancer types and contributes to tumor cell proliferation, adhesion, migration, differentiation, and apoptosis. Gene

amplification or overexpression of HER2 is observed in 15-20% of breast cancer cases'® '

and HER2 overexpression
is reported in about 20% of gastric tumors. According to the TOGA trial, which tried to evaluate the efficacy of anti-
HER2-targeted therapy for advanced gastric cancer, the second-line (2L) and >2L treatments for HER2-positive
advanced gastric cancer patients with drug resistance after the first-line treatment of Trastuzumab have not been as
successful as those for breast cancer.''? This may be because HER2-positive advanced gastric cancer has been not only
found to share some of the mechanisms of drug resistance with breast cancer but also to manifest specific mechanisms of
resistance to trastuzumab, including tumor heterogeneity in HER2 positivity, loss of HER2 protein expression, alteration
in HER2 downstream signaling, and activation of bypass pathways.”> On the other hand, trials involving Pertuzumab,
Lapatinib, and T-DM1 (Ado-Trastuzumab Emtansine [Kadcyla]) have failed to show significant improvements in the
outcomes of HER2-positive advanced gastric cancer patients.”* Therefore, a novel targeted drug like HER2-ADC might
improve the outcome of advanced gastric cancer with HER2 expression.

There are only two new HER2-ADC drugs, Trastuzumab Deruxtecan developed by the Japanese and Disitamab
Vedotin developed by the Chinese. In the treatment of advanced gastric cancer with HER2 expression, the results showed
that the curative effect of Trastuzumab Deruxtecan in the Japanese population was better than that of Disitamab Vedotin
in the Chinese population. However, the clinical and tumor characteristics of Chinese patients were significantly different
from those of Japanese patients, as follows: 1. Histopathological classification - the proportion of patients with intestinal-
type gastric cancer was 71.2% in those treated with Trastuzumab Deruxtecan, and was 29.1% in those treated with
Disitamab Vedotin. 2. Baseline ECOG score — about 49.6% of the patients treated with Trastuzumab Deruxtecan had an
ECOG score of “0”, and 22.8% of those treated with Disitamab Vedotin had an ECOG score of “0”. 3. Tumor burden -
the percentage of patients receiving Trastuzumab Deruxtecan treatment with a total diameter of the target lesion at
baseline >10 was 17.6%, and that receiving Disitamab Vedotin was 30.7%. 4. HER2 expression level - the proportion of
HER?2 3+ patients who received Trastuzumab Deruxtecan treatment was 76.8%, and that receiving Disitamab Vedotin
was 55.1%. The HER2 2+/FISH+ patients who received Trastuzumab Deruxtecan treatment accounted for 23.2%, and
those who received Disitamab Vedotin accounted for 10.2%. The percentage of HER2 2+/FISH- patients receiving
Trastuzumab Deruxtecan treatment was 0% and that receiving Disitamab Vedotin was 34.7%. Since these aforemen-
tioned four baseline characteristics were significantly different between the two groups, the results of the comparison of
the curative effects of Trastuzumab Deruxtecan and Disitamab Vedotin were controversial. Disitamab Vedotin is superior
to Trastuzumab Deruxtecan in safety since the incidence of adverse reactions with a CTCAE >3 is lower, and Disitamab
Vedotin shows no incidence of interstitial lung disease (ILD), while the incidence of Trastuzumab Deruxtecan-related
ILD is 9%-13.6%.>%

Disitamab Vedotin was used to treat metastatic bladder urothelial carcinoma with HER2 overexpression. The C004
clinical trial results showed that the disease control rate (DCR) was 90% and the ORR was as high as 5 1%.2° Therefore,
it was recognized as a “breakthrough ADC drug” by the National Food and Drug Administration (FDA). In the C008
clinical trial, Disitamab Vedotin was used to treat patients with locally advanced or metastatic gastric cancer or
gastroesophageal junction adenocarcinoma who expressed HER2 (IHC2+ or 3 +) and had previously received more
than 2 systemic chemotherapies. The results indicated that the primary outcomes of mOS of 7.9 months, mPFS of 4.1
months, and ORR 24.4% were significantly better than the results of similar clinical studies of Apatinib and anti-PD-1
therapy. The ORR was consistent in all subgroups, including patients with a low expression of HER2 (IHC 2+/
Fish-).>'°

In summary, we cannot deny the benefits of the first line of treatment, especially the effect of the PS regimen in the
control of peritoneal metastasis. What surprised us is the new hope that Disitamab Vedotin brought to the patient in terms
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of efficacy and safety, highlighting its potential in the treatment of advanced gastric cancer with HER2 overexpression.
Disitamab Vedotin could be a promising drug for the treatment of advanced gastric cancer with HER2 expression.

Abbreviations

HER2, human epidermal growth factor receptor 2; IHC, immunohistochemical; PS scheme, oral tegafur-gimeracil-
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