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HER2 overexpression/amplification is a prevalent driver in various types of

cancer, including gastric cancer (GC). Limited options are available for patients

with HER2-positive metastatic gastric cancer, particularly those who do not

respond to the standard therapy of HER2 antibody trastuzumab combined with

chemotherapy. Previous research suggests that combining a PD-1 inhibitor with

radiotherapy and granulocyte macrophage-colony stimulating factor (PRaG

regimen) may enhance the antitumor effects in patients with chemotherapy-

resistant metastatic solid tumors. In this case study, we presented a potential

treatment strategy of a patient having HER2-positive and PD-L1-negative gastric

adenocarcinoma. The patient showed rapid tumor progression even after

surgery and multiple trastuzumab plus chemotherapy treatments. To address

this, we employed a novel anti-HER2 antibody called RC48 in combination with

PRaG regimen therapy (PRaG3.0). The patient demonstrated a positive response

after two treatment cycles and achieved a progression-free survival time of 6.5

months. This case highlights the potential of four-combination therapies for

treating refractory, multiorgan, HER2-positive, PD-L1-negative metastatic gastric

cancer. Additionally, varying radiation doses in targeting dual foci is critical to

enhance tumor immunotherapy.
KEYWORDS

RC48, PD-1 inhibitor, stereotactic body radiotherapy, GM-CSF, gastric cancer,
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1 Introduction

According to the findings from Global Cancer Statistics 2020,

gastric cancer (GC) is the fifth most commonly diagnosed cancer

and the fourth leading cause of cancer-related deaths worldwide (1).

In China, there are over 20,000 new cases of GC each year, with

approximately 170,000 deaths attributed to this disease, accounting

for about 25% of all cancer-related deaths (2). Around 20% of GC

patients show an overexpression of human epidermal growth factor

receptor 2(HER2) (3). The phase III ToGA trial has confirmed

trastuzumab as the approved medication to be included in the initial

chemotherapy regimen for advanced GC patients with HER2

overexpression (4). The Chinese population has further supported

the effectiveness and safety of trastuzumab through a non-

intervent ional reg is t ry s tudy cal led EVIDENCE (5) .

Unfortunately, treatment options for patients with metastatic GC

who do not respond to conventional chemotherapy are very limited,

and the prognosis is poor (6). However, a promising treatment

option called RC48, a novel anti-HER2 antibody, has shown

encouraging results as a third-line or subsequent therapy for

Chinese patients with HER2 overexpressing GC. The objective

response rate was found to be 24.8% (95%CI:17.5%-33.3%), and

the median progression-free survival (PFS) was 4.1 months (95%

CI:3.7-4.9 months) (7).

In recent times, the rapid advancement of immune checkpoint

inhibitors (ICIs) has revealed the potent effectiveness and tolerable

side effects of immunotherapy in treating metastatic GC (8, 9).

Specifically, Nivolumab and pembrolizumab have gained approval

for managing advanced and recurring GC. Nevertheless, the

effectiveness of immunotherapy as a monotherapy stands at a

mere 15-25% (10). Particularly, when it comes to refractory

metastatic gastric cancer that tests negative for programmed

death ligand 1 (PD-L1), the efficacy of PD-1/PD-L1 inhibitors

alone drops even further.

Radiation therapy has the potential to elicit immunogenic cell

death, release various cytokines and chemokines, and induce an

increase in PD-L1 expression (11, 12). Compared to traditional

radiotherapy, stereotactic body radiotherapy (SBRT) that delivers

more than 5Gy of radiation can enhance the immune response.

Therefore, combining SBRT with immunotherapy might be more

effective than the combination of conventional fractionated

radiotherapy and immunotherapy (13).

Furthermore, it has been observed that when chemotherapy is

combined with radiotherapy, it can lead to the disruption of MMR-

related genes, resulting in changes in the MSI status (14). Based on

these mechanisms, radiotherapy has the potential to convert cold

tumors into hot tumors (15). The presence of granulocyte-

macrophage colony-stimulating factor (GM-CSF) may facilitate

the differentiation, maturation, recruitment, and activation of

dendritic cells (DCs).As a result, the anti-tumor effects of

radiotherapy and immunotherapy can be enhanced (16, 17).

RC48, a recombinant humanized anti-HER2 antibody conjugated

with monomethyl auristatin E, has demonstrated high efficacy in

HER2-positive gastric cancer (7). A recent study by Hong Xu et al.

reported a case of a patient with mediastinal lymph node metastasis

who achieved complete remission (CR) following PRaG triple-
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combination therapy for postoperative gastric cancer (18). This

case serves as evidence for the effectiveness of combining anti-PD-1

inhibitor immunotherapy with SBRT, GM-CSF, and RC48 therapy

(PRaG3.0, NCT05115500) in HER2-positive refractory multiorgan

metastatic gastric cancer patients.
2 Case presentation

A 58-year-old man with upper abdominal pain was admitted to

a local hospital on 11 November 2020.Gastroscopy revealed

irregular protuberance and shallow ulcers at the gastric angle,

resulting in a less curved gastric sinus. Pathology findings

suggested a poorly differentiated gastric adenocarcinoma. The

patient underwent a Billroth II subtotal gastrectomy at this

hospital, and the subsequent pathological examination confirmed

an ulcerative type of poorly differentiated gastric adenocarcinoma.

Immunohistochemical analysis showed the following parameters:

HER2:3+ and mismatch repair proficiency (pMMR) phenotype

(MLH1/MSH2/MSH6/PMS2) (Figure 1A). Based on the surgical

pathology information, the postoperative diagnosis was pT3N3aM0

(p-stage IIIB).

From 14 January 2021 to 20 June 2021, the patient underwent

adjuvant chemotherapy with a regimen of S-1 (60 mg twice daily on

days 1-14) plus oxaliplatin (100 mg on days 1-2) (SOX) for six

cycles. However, a CT scan performed 11 months after surgery

revealed nodules in the abdominal aorta and a mass in the left lobe

of the liver. No medical treatment was administered, and one

month later, a mass was detected in the upper lobe of the left

lung, the left lobe of the liver, and multiple enlarged lymph nodes in

the abdominal aorta. Consequently, first-line therapy was initiated

on 13 November 2021,consisting of trastuzumab (600 mg on day 1)

in combination with docetaxel (120 mg on day 1) plus cisplatin (120

mg on day 1). However, after two cycles, a follow-up CT scan

revealed metastases in both lungs, liver, thoracic cavity, hilar liver,

head of pancreas, retroperitoneum, and parietal aorta. The efficacy

of the treatment was assessed as disease progression (PD) according

to Response Evaluation Criteria in Solid Tumors (RECIST v1.1).On

15 January 2022, the treatment regimen was changed to

trastuzumab plus irinotecan, but due to the COVID-19 pandemic,

no further treatment was administered after only one cycle. A

summary of the patient’s treatment history is presented

in Figure 2A.

In April 2022, the patient presented to our hospital with a left

supraclavicular mass. Baseline CT scans showed significant

enlargement of tumor lesions in both lungs, mediastinal lymph

nodes, liver metastases lesions, and a multifold increase of

carcinoembryonic antigen (CEA) to 5677 ng/mL. This was

assessed as progressive disease (PD) and suggested that the tumor

had high malignant behavior and was insensitive to trastuzumab

chemotherapy agents (Figure 3 2022-05-16A-H, Figure 4A). The

next-generation sequencing (NGS) analysis of tumor DNA from the

enlarged lymph nodes in the mediastinal area 4 biopsy showed

negative immunohistochemical level of PD-L1,gene mutations of

TP53,gene amplification of HER2 andMET (Figures 1B-D). Finally,

the patient was diagnosed with cTxN3M1 stage IV GC with an
frontiersin.org
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Eastern Cooperative Oncology Group (ECOG) performance status

of 2. After consultation with the patient and their family, the

PRaG3.0 combination treatment strategy was determined as the

third-line therapy in order to expect a better survival benefit. On 16

May 2022, the patient underwent the first cycle of RC48 treatment

(120mg on day 1). This treatment was combined with SBRT (24 Gy

in 3 fractions) for the lesion in the inferior lobe of the left lung and

(15 Gy in 3 fractions) for the partial left liver metastasis on days 2-4

(Supplementary Figures 1A, B). Additionally, the patient received

GM-CSF (300ug on days 4-8) and camrelizumab (200mg on day 6)

based on family will, HER-2 and ECOG PS 2 score (Figure 2B). CT

scans showed a 36% reduction in target lesions and the patient was

assessed as partial remission (PR), with CEA levels decreasing to

1780 ng/mL (Figure 4A). After 21 days,the second cycle began,

focusing on palliative radiotherapy for the metastasis in the upper

lobe of the left lung (24 Gy in 3 fractions on days 3-5) and the partial

lesion in the right liver (24 Gy in 3 fractions on days 3-5).Following

two cycles, CT scans revealed regression of all metastases in

multiple organs. The patient was again assessed as PR (Figure 3

2022-06-23A-H). However, the patient experienced grade 1 reactive

cutaneous capillary endothelial proliferation (RCCEP), a novel

immune-related adverse event (irAE) observed in the majority of

patients treated with camrelizumab (19, 20) (Figure 4B). Based on

the effectiveness of the regimen and the fact that the patient was in

stage IV, we recommended that the patient continue receiving

RC48 (120 mg on day 1) and camrelizumab (200 mg on day 1) as

maintenance treatment, with each cycle lasting for 2 weeks.

However, the patient experienced Grade 1 reactive RCCEP,

leukopenia, anaemia, and thrombocytopenia during the

treatment. On December 3, 2022, CT scans revealed increased

liver metastases, a significant rise in CEA levels to 2303ng/mL,

moderate hydrothorax, and severe hydroperitonium. Consequently,

the patient was assessed as having progressive disease once again.
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To investigate further, an ultrasound puncture of the

hydroperitonium was performed, which revealed the presence of

adenocarcinoma tumor cells in the effusion (Figure 1C). Due to the

lack of effective treatment options and the substantial economic

burden, the patient refused subsequent antitumor treatment and

opted for supportive care at a local hospital and unfortunately

passed away in April 2023.
3 Discussion

Currently, China has a high number of gastric cancer cases and

deaths, resulting in a heavy disease burden. Unfortunately, the 5-

year survival rate for patients is just 35.9% (21). Most patients are

diagnosed in the middle to late stages of the disease, leading to a

preference for systemic therapy. Back in 2010,the ToGA study

revealed that trastuzumab combined with chemotherapy could

extend the survival of gastric cancer patients, marking it as the

first-line treatment for HER2-positive patients (4). However, over

the past decade, the second-line and subsequent treatments for

HER2-positive gastric cancer have encountered obstacles, resulting

in limited survival benefits for patients. Consequently, it is crucial to

delve into new combination treatment strategies for

better outcomes.

Drugs that specifically target HER2 comprise pertuzumab

(JACOB study), lapatinib (TyTAN study and LOGIC study) (22,

23). Verdisitumab (C008 study) (7) and T-DXd (DESTINY-

Gastric01 study) (24). Unfortunately, the results of the phase III

study evaluating T-DM1 (a conjugate of trastuzumab and

emtansine) as a second-line treatment for gastric cancer were

unfavorable (25). The phase II C008 study, RC48 approval by the

National Drug Administration came in June 2021. However, none

of these medications presented a PFS exceeding 5 months.
B C

D

A

FIGURE 1

(A) HER2 and H&E staining of the primary tumor. (B) PD-L1 immunohistochemistry of mediastinal lymph nodes. (C) Adenocarcinoma tumor cells in
the effusion. Scale bars: 25 µm. H&E: hematoxylin and eosin. (D) The next-generation sequencing (NGS) analysis of tumor DNA from the enlarged
lymph nodes showed negative expression of PD-L1, gene mutations of TP53, gene amplification of ERBB2 and MET.
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Consequently, the efficacy of single-agent anti-HER2 therapy

remains limited.

From recent phase III trials like ATTRACTION-4 and

CHECKMATE-649, it has been observed that the combination of

first-line immunotherapy and chemotherapy offers survival benefits

to individuals with metastatic gastric cancer. Moreover, this

approach also presents a notable advantage in terms of the

objective response rate (ORR) (26, 27). However, when it comes

to the treatment of metastatic gastric cancer in later stages,

specifically the third-line treatment, it becomes extremely

challenging. Currently, the options available are nivolumab for

HER2 negativity and RC48 for HER2 positivity. Unfortunately,

none of these treatments have shown median survival rates

exceeding 7 months (28, 29). The phase III KEYNOTE-062 study

demonstrated that in patients with gastric cancer/gastric-

esophageal junction with PD-L1 combined positive score(CPS)≥1,

the median overall survival(OS) was 10.6 months for

pembrolizumab alone and 11.1 months for chemotherapy alone.

In the subgroup of gastric cancer patients with dMMR/MSI-H, a

total of 14, 17, and 19 patients received pembrolizumab alone,

pembrolizumab combined with chemotherapy, and chemotherapy

alone, respectively. The ORR and 24-month survival rates were

57.1%/71%, 36.8%/26%, and 64.7%/65% respectively (30). These

findings further support the superiority of immunotherapy alone or
Frontiers in Immunology 04
in combination with chemotherapy over chemotherapy alone, with

a more pronounced long-term survival benefit observed with

immunotherapy. As a PD-1 inhibitor developed in China,

camrelizumab exhibits a significantly higher ORR rate when

compared to chemotherapy alone (59.18% vs 38.89%),

particularly when combined with chemotherapy (20).

Additionally, the median PFS time for camrelizumab is 10.03

months compared to 6.24 months for chemotherapy alone.

Subgroup analysis reveals that patients with PD-L1 CPS>1

experience an extended PFS, whereas those with PD-L1 CPS <1

have a poorer prognosis. The ORR rate of the two PD-1 inhibitors

in gastric cancer patients was found to be comparable. Moreover,

there was no significant difference in the efficacy of PD-1 inhibitors,

including pembrolizumab, sintilimab, camrelizumab, toripalimab

and tislelizumab, as observed in the PRaG regimen (31). Based on

clinical practice in China and taking into account of patient’s

financial burden, camrelizumab is considered one of the preferred

drugs for third-line treatment in our patient. However, there is a

need for further optimization and exploration of immunodrug

treatment strategies in HER2-positive, PD-L1-negative advanced

gastric cancer patients.

Tumor immunotherapy’s theoretical foundation elucidates the

cytological mechanism by which the immune system eradicates

tumors. Moreover, it offers novel research avenues for combined
B

A

FIGURE 2

(A) Timeline of the whole treatment process for the patient. The patient experienced PD with the new emergence of mass in the left lobe of the liver
during postoperative adjuvant chemotherapy on 01 November 2021.Two treatment cycles after trastuzumab with docetaxel plus cisplatin, the CT
scan revealed metastases in both lungs, liver, thoracic cavity, hilar liver, head of pancreas, retroperitoneum, and parietal aorta on 15 January
2022.The treatment regimen was changed to trastuzumab plus irinotecan, but due to the COVID-19 pandemic, no further treatment was
administered after only one cycle. On 16 May 2022, Baseline CT scans showed significant enlargement of tumor lesions in both lungs, mediastinal
lymph nodes, liver metastases lesions. After 2 cycles of PRaG3.0 therapy, the sum of diameters of the unirradiated target metastases decreased by
58% from baseline. The patient was assessed as PR on 23 June 2022.The patient continue receiving RC48 and camrelizumab as maintenance
treatment, with each cycle lasting for 2 weeks. Until 3 December 2023, when the patient suffered PD again and opted for supportive care. PD,
progressive disease; PR, partial response; PFS, progression-free survival. (B) The patient underwent the first cycle of RC48 treatment (120mg on day
1) in combination with SBRT (24 Gy in 3 fractions for lung metastasis and 15 Gy in 3 fractions for partial liver metastasis on days 2-4). Additionally,
GM-CSF (300ug on days 4-8) and camrelizumab (200mg on day 6) were administered. This treatment course was repeated every 3 weeks. Two
courses of four-combination therapy were administered in total, targeting different metastases with SBRT. Subsequently, the patient received twelve
cycles of RC48 (120mg on day 1) in combination with camrelizumab (200mg on day 1) after completing the four-combination therapy.
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approaches in tumor immunotherapy. The tumor-specific immune

response encompasses seven crucial processes, spanning from the

tumor cells’ release of antigens to the clearance of tumor cells

through T cell recognition (32). These consecutive steps form a

recurrent cycle of tumor-immunity, where in each phase

harmoniously regulates and maintains the overall circulation of

tumor immunity. Therefore, the sole function of anti-PD-1/PD-L1

inhibitors is to alleviate the suppression of the immune system,

whereas the most crucial aspect lies in directly eradicating
Frontiers in Immunology 05
cancerous cells through recognition of their T cell receptor, also

known as T cell receptor (TCR), and a specific antigen that targets

the tumor. Anti-PD-1/PD-L1 inhibitors are approved for treating

patients exhibiting high levels of PD-L1 expression, high

microsatellite instability (MSI-H)/mismatch repair deficiency

(dMMR), or a high tumor mutation burden (TMB-H),

irrespective of tumor type (33–35). However, in individuals with

low PD-L1 expression, the ORR for using these inhibitors in

monotherapy stands at a mere 15%-25% (4). Incorporating
B

C

D

E

F

G

H

A

FIGURE 3

CT scans were conducted before (2022-05-16), during (2022-22-02), and after (2122-12-03, 2021-05-12) the PRaG3.0 therapy. The baseline
inspection was performed on 2022-05-16 (A–H): the red area indicates the first cycle of radiation, the yellow area represents the second cycle of
radiation. The radiographic changes after two cycles of treatment were observed on 2022-06-23 (A–H): the blue area indicating tumor regression in
the unirradiated area. During maintenance treatment. On 2022-11-02 (A–H): changes in the patient’s lesion were noted. On 2022-12-03 (A–H), the
tumor lesion progressed and thoracic and abdominal effusion developed.
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radiotherapy into the treatment regimen can escalate the efficacy to

roughly 40% (36). Regardless, a significant proportion of cancer

patients still fail to benefit from this combined therapeutic

approach. Several factors contribute to this, including

heterogeneity within tumor tissues, substantial tumor burden, the

cold tumor microenvironment, as well as primary and secondary

resistance to anti-PD-1/PD-L1 inhibitors, which collectively

contribute to the low response rates observed (37, 38).

Radiotherapy, a local therapy used to treat tumors, has the ability

to enhance the effectiveness of immunotherapy. The abnormal

expression of antigens on the surface of tumors, such as a

decrease or alterations in major histocompatibility complex

(MHC)-presenting antigens, leads to a decrease in T-cell

activation and a deficiency of CD4+T cells and CD8+T cells

within the tumor’s stromal tissue. Consequently, this allows

tumor cells to evade the immune system’s response (39). One

way that radiotherapy achieves this is by exposing tumor antigens

and increasing MHC expression, thereby enhancing antigen

presentation (40). In the PEMBRO-RT trial, the ORR was 36%

for patients receiving pembrolizumab in combination with

radiotherapy , whi le i t was 18% for those rece iv ing

pembrolizumab alone. Although not statistically significant
Frontiers in Immunology 06
(P=0.07), this suggests that radiotherapy may improve the

effectiveness of pembrolizumab in treating metastatic non-small-

cell lung cancer. Additionally, patients who received the

combination therapy had a mPFS of 6.6 months and a mOS of

15.9 months, compared to only 1.9 months and 7.6 months,

respectively, for patients who received pembrolizumab alone. It’s

worth noting that no additional side effects were observed with the

combination therapy (41). Furthermore, a 5-year follow-up study

evaluating the combination of radiotherapy and immunotherapy

for metastatic solid tumors supported these findings, with a median

PFS of 6.52 months and a median OS of 15.32 months (42).

GM-CSF has the ability to enhance the production of

granulocytes, macrophages, and dendritic cells, thereby

functioning as an immune adjuvant (43). In preclinical

investigations using the B16 melanoma model, irradiated tumor

cells alone failed to elicit significant anti-tumor immunity.

However, irradiated tumor cells expressing GM-CSF stimulated

robust and enduring anti-tumor immunity (16). A prospective

clinical trial verifies that metastatic solid tumors treated with both

radiotherapy and GM-CSF tend to experience tumor shrinkage

(17). The increase in GM-CSF levels during radiotherapy correlates

with longer PFS and OS in lung and esophageal cancer patients,
B

A

FIGURE 4

(A) Dynamics of cancer carcinoembryonic antigen (CEA) (ng/mL) levels during the entire disease course. (B) Management of irAE during the four-
combination therapy. Representative images showing irAEs of (B) RCCEP, RCCEP, reactive cutaneous capillary endothelial proliferation.
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indicating its potential as a prognostic biomarker (44). As distinct

stages in triggering the immune response, radiotherapy,

immunotherapy, and GM-CSF have the potential to enhance the

efficacy against cancerous growths to different extents. In a study

involving 54 solid tumors with multiple metastases that did not

respond to standard treatment, patients were administered PD-1

inhibitors, radiotherapy and GM-CSF(PRaG1.0 regimen). The

findings revealed that the objective response rate was 15.8% and

the disease control rate was 46.3%. The median progression-free

survival was 4.0 months (95% CI:3.3 to 4.8), and the median overall

survival was 10.5 months (95% CI:8.7 to 12.2). These results

demonstrated manageable toxicity and satisfactory short-term

effectiveness (31). Additionally, in clinical studies, the inclusion of

ADC and IL 2(PRaG3.0 regimen,NCT05115500) also exhibited

favorable safety and efficacy. The results were also reported

verbally on both ASCO and ASTRO. Consequently, the PRaG 3.0

regimen presents a novel therapeutic choice for the treatment of

advanced HER2-positive patients.

ADC drugs have the ability to target the tumor area and deliver

cytotoxic drugs. They can also target the HER2 protein on the tumor’s

surface, accurately identify tumor cells, and expose other metastatic

lesions to antigens (45). Radiotherapy plays a crucial role in optimizing

the response of antigens and in situ vaccines by primarily reducing

tumor burden and facilitating field binding (40, 41). It is anticipated

that different doses of SBRT will further enhance this mechanism of

action. This optimization can enhance the effectiveness of PD-1/PD-L1

inhibitors in combination with ADC. GM-CSF, a cytokine that

regulates dendritic cell differentiation, proliferation, and survival,

plays a crucial role in the in situ vaccine effect of radiation therapy

and enhances the efficacy of immune checkpoint inhibitors (17, 43).

This mechanism of action was considered in the research protocol.

Our study reveals that the patient exhibits a significant tumor

burden, with a rapid decrease in tumor PR and CEA value after 2

treatment cycles (Figure 3 2022-06-23A-H and Figure 4A).

Subsequently, during the late RC48 combined camrelizumab

maintenance therapy, the tumor lesion remains in a stable

condition (Figure 3 2022-11-02A-H), and the CEA value

demonstrates a tendency towards normalization (Figure 4A).

Importantly, we observe that irradiation at varying doses of dual

foci plays a pivotal role in effectively controlling tumor regression

(Supplementary Figures 1A–D). This finding urges us to further

explore the optimal radiotherapy segmentation mode. The dose

and fractionation schedule of radiotherapy in combination with

immune checkpoint inhibitor have not yet been established

and standardized. Preclinical studies have indicated that a

hypofractionation regimen of 3 fractions of 5Gy each promotes

antigen-presenting cell activation more effectively compared to a

conventional fractionation of 5 fractions of 2Gy each (46). When a

single radiotherapy fraction exceeds 5Gy, it demonstrates

characteristics of an in-situ vaccine (47). Activation of adaptive

immunity is observed with a moderate hypofractionation schedule

of 2-3 fractions of 7.5-10Gy each, but higher fractional doses of

15Gy in a single fraction tend to compromise the promotion of the

immune microenvironment (40). Clinical outcomes demonstrate

favorable efficacy with the ultra-hypofractioned regimen of 3

fractions of 8Gy each combined with PD-1 inhibitors in
Frontiers in Immunology 07
PEMBRO-RT. Lung metastasis responds well to a fractionated

regimen of 6 fractions of 10Gy each, whereas liver metastasis

shows clinical viability with a fractionated regimen of 4 fractions

of 12.5Gy each (41). Therefore, the segmentation and dose regimen

used in this case (8 Gy×3f for lung metastasis, 5 Gy×3f for liver

metastasis) may also be considered as an appropriate strategy for

combined therapy.

When dealing with large masses or multiple instances of

metastasis, it can be challenging to maintain safety due to the

potential for dose-limiting toxicity. Also, radiation-induced

depletion of lymphocytes may compromise the immune response

(48). To address these concerns, it is more reasonable to irradiate only

a portion of a large mass during each treatment cycle. Additionally,

considering the heterogeneity of metastatic lesions, it is

recommended to irradiate two or more metastases in different

organs per cycle for multiple instances of metastasis. This approach

ensures that all metastases are adequately controlled within a timely

manner. As a result, several cycles of radiotherapy should be

administered. It is important to note that irradiating lung

metastases in combination with radiotherapy and immunotherapy

has shown to prolong patient’s PFS (6.87 months vs. 5.63 months)

and OS (18.67 months vs. 13.63 months), compared to irradiation of

liver metastases (42). To our knowledge, this is the first documented

case of using the PRaG 3.0 regimen, which involves simultaneous

irradiation of two sites per cycle, to treat advanced gastric cancer. In

our case, achieving a PFS of 6.5 months was possible by irradiating

one lung metastasis and one liver metastasis per cycle.

In addition to a decrease in the size of the irradiated lesion, there

is also a reduction of the unirradiated lesion, known as an abscopal

effect (17). In our situation, the abscopal effect might involve immune

sensitization induced by radiotherapy, although it cannot be ruled out

that it was an immune enhancement promoted by RC48 and GM-

CSF. A clinical trial that enrolled patients with advanced non-small

cell lung cancer showed that PRaG 1.0 has a manageable safety

profile, with fatigue, fever, and bone pain being the most prevalent

side effects (49). Fatigue, anorexia, fever, and thyroid dysfunction

were the most frequently observed treatment-related adverse events

in phase II studies of metastatic solid tumors (31). The major adverse

events associated with camrelizumab are RCCEP and hematological

toxicity. RCCEP is the most common irAE observed in camrelizumab

treatment, primarily affecting the skin with pathological

manifestations of dermal capillary endothelial hyperplasia and

capillary hyperplasia. The mechanism behind RCCEP is still

unknown. According to the expert consensus of the Expert

Committee of Anti-tumor Drug Safety Management of the Chinese

Society of Clinical Oncology(CSCO),it is believed that RCCEP of

grade 1-2 is usually self-limited, reversible, and predictable.

Therefore, it is recommended to continue with ICIs (50). Several

studies have shown a correlation between the development of RCCEP

and the efficacy of camrelizumab. Patients with RCCEP tend to have

better outcomes compared to those without RCCEP. For instance, in

phase II studies of camrelizumab for advanced liver cancer, patients

with RCCEP had a higher OS rate (19.3% vs 5.6%),longer PFS (3.2

months vs 1.9 months, HR=0.53),and better OS(17.0 months vs 5.8

months, HR=0.33) (51). In the phase III ESCORT study, the mOS for

patients with RCCEP was 10.1 months compared to 2.5 months for
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patients without RCCEP (HR=0.21). This highlights the importance

of continuing camrelizumab treatment after quadruple therapy (52).

However, the study protocol for this case differs slightly from that

of PRaG 3.0.One major difference is that the cytokine IL-2 was not

used, because our pharmacy did not purchase IL2.Despite this, we

observed a significant reduction in tumor lesions after two cycles of

treatment (Figure 3 2022-06-23A-H and Figure 4A). This deviation

in our treatment protocol also distinguishes it from the PRaG 3.0

study protocol. The effectiveness of the PRaG study protocol is closely

linked to the number of T lymphocytes, and IL-2 is crucial for

enhancing the value, differentiation, and survival of T cells (53). One

reason for the slightly inadequate treatment effect of our study

protocol is the dose issue of GM-CSF. The PRaG 1.0 protocol

recommended a dosage of 200ug of GM-CSF for 2 weeks (31),

while the PRaG 3.0 protocol recommended a dosage of 200ug for 1

week and the study by Golden et al (17) was the use of GM-CSF

125ug/m2 for 2 weeks after the completion of radiotherapy. Referring

to the recommended method of GM-CSF and the dose specification

in our pharmacy, we chose to use GM-CSF 300ug on the third day

after the start of radiotherapy for a duration of 1 week. This approach

aims to reduce the inhibitory effect of radiotherapy on bone marrow.

Additionally, different doses, sites, and methods of irradiation were

considered. The PRaG study protocol typically uses a single-lesion

multi-cycle irradiation mode with doses of 8Gy, 5Gy or 3Gy.

However, in our study, we utilized a multi-cycle radiotherapy mode

with different combinations of radiation doses for two lesions.

Previous studies have shown that this approach can potentially

enhance the effectiveness of PRaG Regimen, leading to a

quantitative change in the abscopal effect (54). Currently, there are

numerous ongoing clinical studies both domestically and

internationally investigating the combination of SBRT irradiation

with PD-1 inhibitors (NCT04535024, NCT02608385, NCT03275597,

NCT02523313, NCT03391869).
4 Conclusion

The combination of PD-1 inhibitor with GM-CSF and RC48

therapy, along with SBRT, could potentially be used as treatment

strategies for refractory multiorgan metastatic gastric cancer (GC)

detected immunohistochemically with HER2 positivity and PD-L1

negativity. To determine the feasibility of these strategies, large-scale

and prospective clinical trials will be necessary in the future.
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Global surveillance of trends in cancer survival 2000-14(CONCORD-3): analysis of
individual records for 37 513 025 patients diagnosed with one of 18 cancers from 322
population-based registries in 71 countries. Lancet (2018) 391(10125):1023–75.
doi: 10.1016/S0140-6736(17)33326-3

22. Satoh T, Xu RH, Chung HC, Sun GP, Doi T, Xu JM, et al. Lapatinib plus
paclitaxel versus paclitaxel alone in the second-line treatment of HER2-amplified
advanced gastric cancer in Asian populations:TyTAN a randomized,phase III study. J
Clin Oncol (2014) 32(19):2039–49. doi: 10.1200/JCO.2013.53.6136

23. Hecht JR, Bang YJ, Qin SK, Chung HC, Xu JM, Park JO, et al. Lapatinib in
combination with capecitabine plus oxaliplatin in hunman epidermal growth factor
receptor 2-positive advanced or metastatic gastric,esophageal,or gastroesophageal
adenocarcinoma:TRIO-013/LOGiC:A randomized phase III Trial. J Clin Oncol
(2016) 34(5):443–51. doi: 10.1200/JCO.2015.62.6598

24. Shitara K, Bang YJ, Iwasa S, Sugimoto N, Ryu MH, Sakai D, et al. Trastuzumab
deruxtecan in previously treated HER2-positive gastric cancer. N Engl J Med (2020) 382
(25):2419–30. doi: 10.1056/NEJMoa2004413

25. Kang Yk, Shah M, Ohtsu A, Van Cutsem E, Ajani J, van der Horst T, et al. A
randomized,open-label,multicenter,adaptive phase 2/3 study of trastuzumab emtansine
(T-DM1) versus a taxane (TAX) in patients (pts) with previously treated HER-2-
positive locally advanced or metastatic gastric/gastroesophagcal junction
adenocarcinoma (LA/MGC/GEJC). J Clin Oncol (2016) 34(Suppl 4):a5. doi: 10.1200/
jco.2016.34.4_suppl.5

26. Boku N, Ryu MH, Kato K, Chung HC, Minashi K, Lee KW, et al. Safety and
efficacy of nivolumab in combination with S-1/capecitabine plus oxaliplatin in patients
with previously untreated, unresectable, advanced, or recurrent gastric/
gastroesophageal junction cancer: interim results of a randomized, phase II trial
(ATTRACTION-4). Ann Oncol (2019) 30(2):250–8. doi: 10.1093/annonc/mdy540

27. Janjigian YY, Shitara K, Moehler M, Garrido M, Salman P, Shen L, et al. First-
line nivolumab plus chemotherapy versus chemotherapy alone for advanced gastric,
gastro-oesophageal junction, and oesophageal adenocarcinoma (CheckMate 649): a
randomised, open-label, phase 3 trial. Lancet (2021) 398(10294):27–40. doi: 10.1016/
s0140-6736(21)00797-2

28. Li J, Qin SK, Xu JM, Xiong JP, Wu CP, Bai YX, et al. Randomized, double-blind,
placebo-controlled phase III trial of apatinib in patients with chemotherapy-refractory
advanced or metastatic adenocarcinoma of the stomach or gastroesophageal junction. J
Clin Oncol (2016) 34(13):1448–+. doi: 10.1200/jco.2015.63.5995

29. Peng Z, Liu TS, Wei J, Wang AR, He YF, Yang LZ, et al. Efficacy and safety of a
novel anti- 434 HER2 therapeutic antibody RC48 in patients with HER2-
overexpressing, locally advanced or 435 metastatic gastric or gastroesophageal
junction cancer: a single-arm phase II study. Cancer 436 Communications (2021) 41
(11):1173–82. doi: 10.1002/cac2.12214

30. Shitara K, Van Cutsem E, Bang YJ, Fuchs C, Wyrwicz L, Lee KW, et al. Efficacy
and safety of pembrolizumab or pembrolizumab plus chemotherapy vs chemotherapy
alone for patients with first-line, advanced gastric cancer: the KEYNOTE-062 phase 3
randomized clinical trial. JAMA Oncol (2020) 6(10):1571–80. doi: 10.1001/
jamaoncol.2020.3370

31. Kong YH, Zhao XR, Xu ML, Pan J, Ma YF, Zou L, et al. PD-1 inhibitor combined
with radiotherapy and GM-CSF (PRaG) in patients with metastatic solid tumors: an
open-label phase II study. Front Immunol (2022) 13:952066. doi: 10.3389/
fimmu.2022.952066

32. Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity cycle.
Immunity (2013) 39(1):1–10. doi: 10.1016/j.immuni.2013.07.012

33. Le DT, Uram JN, Wang H, Bartlett B, Kemberling H, Eyring A, et al. PD-1
blockade in tumors with mismatch-repair deficiency. N Engl J Med (2015) 372
(26):2509–20. doi: 10.1056/NEJMoa1500596

34. Le DT, Durham JN, Smith KN,Wang H, Bartlett BR, Aulakh LK, et al. Mismatch
repair deficiency predicts response of solid tumors to PD-1 blockade. Science (2017)
357(6349):409–13. doi: 10.1126/science.aan6733

35. Marabelle A, Fakih M, Lopez J, Shah M, Shapira-Frommer R, Nakagawa K, et al.
Association of tumour mutational burden with outcomes in patients with advanced
solid tumours treated with pem-brolizumab:prospective biomarker analysis of the
multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet Oncol (2020) 21
(10):1353–65. doi: 10.1016/S1470-2045(20)30445-9

36. Theelen WSME, Chen D, Verma V, Hobbs BP, Peulen HMU, Aerts JGJV, et al.
Pembrolizumab with or without radiotherapy for metastatic non-small-cell lung
cancer: a pooled analysis of two randomised trials. Lancet Resp Med (2021) 9
(5):467–75. doi: 10.1016/S2213-2600(20)30391-X

37. Van Gulijk M, van Krimpen A, Schetters S, Eterman M, Van Elsas M, Mankor J,
et al. PD-L1 checkpoint blockade promotes regulatory T cell activity that underlies
therapy resistance. Sci Immunol (2023) 8(83):eabn6173. doi: 10.1126/
sciimmunol.abn6173

38. Miholjcic TBS, Halse H, Bonvalet M, Bigorgne A, Rouanne M, Dercle L, et al.
Rationale for LDH-targeted cancer immunotherapy. Eur J Cancer (2023) 181:166–78.
doi: 10.1016/j.ejca.2022.11.032
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.21147/j.issn.1000-9604.2018.01.01
https://doi.org/10.1007/s10120-014-0402-y
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1002/onco.13826
https://doi.org/10.1023/a:1008243606668
https://doi.org/10.1023/a:1008243606668
https://doi.org/10.1002/cac2.12214
https://doi.org/10.1007/s10120-018-0899-6
https://doi.org/10.1200/jco.19.02105
https://doi.org/10.1126/science.aar4060
https://doi.org/10.1038/nm1622
https://doi.org/10.13.1038/s41467-017-01883-9
https://doi.org/10.1097/ppo.0000000000000210
https://doi.org/10.1136/jitc-2020-001610
https://doi.org/10.1136/jitc-2020-001610
https://doi.org/10.1038/nrclinonc.2016.30
https://doi.org/10.1073/pnas.90.8.3539
https://doi.org/10.1016/s1470-2045(15)00054-6
https://doi.org/10.1016/s1470-2045(15)00054-6
https://doi.org/10.3389/fimmu.2022.926740
https://doi.org/10.3389/fimmu.2022.926740
https://doi.org/10.20892/j.issn.2095-3941.2018.0172
https://doi.org/10.21037/jgo-22-1229
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1200/JCO.2013.53.6136
https://doi.org/10.1200/JCO.2015.62.6598
https://doi.org/10.1056/NEJMoa2004413
https://doi.org/10.1200/jco.2016.34.4_suppl.5
https://doi.org/10.1200/jco.2016.34.4_suppl.5
https://doi.org/10.1093/annonc/mdy540
https://doi.org/10.1016/s0140-6736(21)00797-2
https://doi.org/10.1016/s0140-6736(21)00797-2
https://doi.org/10.1200/jco.2015.63.5995
https://doi.org/10.1002/cac2.12214
https://doi.org/10.1001/jamaoncol.2020.3370
https://doi.org/10.1001/jamaoncol.2020.3370
https://doi.org/10.3389/fimmu.2022.952066
https://doi.org/10.3389/fimmu.2022.952066
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1016/S1470-2045(20)30445-9
https://doi.org/10.1016/S2213-2600(20)30391-X
https://doi.org/10.1126/sciimmunol.abn6173
https://doi.org/10.1126/sciimmunol.abn6173
https://doi.org/10.1016/j.ejca.2022.11.032
https://doi.org/10.3389/fimmu.2024.1321946
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liu et al. 10.3389/fimmu.2024.1321946
39. Thorsson V, Gibbs DL, Brown SD, Wolf D, Bortone DS, Yang THO, et al. The
immune landscape of cancer. Immunity (2018) 48(4):812. doi: 10.1016/
j.immuni.2018.03.023

40. Schaue D, Ratikan JA, Iwamoto KS, McBride WH. Maximizing tumor immunity
with fractionated radiation. Int J Radiat Oncol Biol Phys (2012) 83(4):1306–10.
doi: 10.1016/j.ijrobp.2011.09.049

41. Theelen W, Peulen HMU, Lalezari F, van der Noort V, de Vries JF, Aerts J, et al.
Effect of pembrolizumab after stereotactic body radiotherapy vs pembrolizumab alone
on tumor response in patients with advanced non-small cell lung cancer: results of the
PEMBRO-RT phase 2 randomized clinical trial. JAMA Oncol (2019) 5(9):1276–82.
doi: 10.1001/jamaoncol.2019.1478

42. He KW, Hong DS, Tang CD, Sezen D, Cox L, Maleki A, et al. Five-year overall
survival with ipilimumab and stereotactic ablative radiotherapy for metastatic disease.
Radiother Oncol (2023) 183:109618. doi: 10.1016/j.radonc.2023.109618

43. Inaba K, Inaba M, Romani N, Aya H, Deguchi M, Ikehara S, et al. Generation of
large numbers of dendritic cells from mouse bone marrow cultures supplemented with
granulocyte/macrophage colony-stimulating factor. J Exp Med (1992) 176(6):1693702.
doi: 10.1084/jem.176.6.1693

44. Deng GD, Hu PP, Zhang JX, Liu QQ, Liang N, Xie J, et al. Elevated serum
granulocyte-macrophage colony-stimulating factor levels during radiotherapy predict
favorable outcomes in lung and esophageal cancer. Oncotarget (2016) 7(51):85142–50.
doi: 10.18632/oncotarget.13202

45. Rinnerthaler G, Gampenrieder SP, Greil R. HER2 directed antibody-drug-
conjugates beyond T-DM1 in breast cancer. Int J Mol Sci (2019) 20(5):1115.
doi: 10.3390/ijms20051115

46. Kulzer L, Rubner Y, Deloch L, Allgauer A, Frey B, Fietkau R, et al. Norm-and
hypo-fractionated radiotherapy is capable of activating human dendritic cells. J
Immunotoxicol (2014) 11(4):328–36. doi: 10.3109/1547691x.2014.880533
Frontiers in Immunology 10
47. Vanpouille-Box C, Pilones KA, Wennerberg E, Formenti SC, Demaria S. In situ
vaccination by radiotherapy to improve responses to anti-CTLA-4 treatment. Vaccine
(2015) 33(51):7415–22. doi: 10.1016/j.vaccine.2015.05.105

48. Patel RR, Verma V, Barsoumian HB, Matthew S, Chun SG, Tang C, et al. Use of
multi-site radiation therapy for systemic disease control. Int J Radiat Oncol Biol Phys
(2021) 109(2):352–64. doi: 10.1016/j.ijrobp.2020.08.025

49. Ni JJ, Zhou Y, Wu L, Ai XH, Dong XR, Chu Q, et al. Sintilimab,stereotactic body
radiotherapy and granulocyte-macrophage colony stimulating factor as second-line
therapy for advanced non-small cell lung cancer:safety run-in results of a multicenter,
single-arm, phase II trial. Radiat Oncol (2021) 16(1):177. doi: 10.1186/s13014-021-
01905-3

50. Expert Committee on Safety Management of Antitumor Drugs of Chinese
Society of Clinical Oncology. Expert consensus on the clinical diagnosis and
treatment of reactive skin capillary hyperplasia caused by camrelizumab. Chin Clin
Oncol (2020) 25:840–8. doi: 10.3969/j.issn.1009-0460.2020.09.012

51. Wang F, Qin S, Sun X, Ren Z, Meng Z, Chen Z, et al. Reactive cutaneous capillary
endothelial proliferation in advanced hepatocellular carcinoma patients treated with
camrelizumab: data derived from a multicenter phase 2 trial. J Hematol Oncol (2020) 13
(1):47. doi: 10.1186/s13045-020-00886-2

52. Huang J, Xu J, Chen Y, ZhuangW, Zhang Y, Chen Z, et al. Camrelizumab versus
investigator's choice of chemotherapy as second-line therapy for advanced or
metastatic oesophageal squamous cell carcinoma (ESCORT): a multicentre,
randomised, open-label, phase 3 study. Lancet Oncol (2020) 21(6):832–42.
doi: 10.1016/S1470-2045(20)30110-8

53. Balkhi MY, Ma Q, Ahmad S, Junghans RP. T cell exhaustion and Interleukin
downregulation. Cytokine (2015) 71(2):339–47. doi: 10.1016/j.cyto.2014.11.024

54. Juan W, Wei CD, Yu J. Quantitative change of the abscopal effect breeds
qualitative change—PRaG therapy. Chin J Cancer Prev Treat (2022) 29(18):1314–6.
doi: 10.16073/j.cnki.cjcpt.2022.18.02
frontiersin.org

https://doi.org/10.1016/j.immuni.2018.03.023
https://doi.org/10.1016/j.immuni.2018.03.023
https://doi.org/10.1016/j.ijrobp.2011.09.049
https://doi.org/10.1001/jamaoncol.2019.1478
https://doi.org/10.1016/j.radonc.2023.109618
https://doi.org/10.1084/jem.176.6.1693
https://doi.org/10.18632/oncotarget.13202
https://doi.org/10.3390/ijms20051115
https://doi.org/10.3109/1547691x.2014.880533
https://doi.org/10.1016/j.vaccine.2015.05.105
https://doi.org/10.1016/j.ijrobp.2020.08.025
https://doi.org/10.1186/s13014-021-01905-3
https://doi.org/10.1186/s13014-021-01905-3
https://doi.org/10.3969/j.issn.1009-0460.2020.09.012
https://doi.org/10.1186/s13045-020-00886-2
https://doi.org/10.1016/S1470-2045(20)30110-8
https://doi.org/10.1016/j.cyto.2014.11.024
https://doi.org/10.16073/j.cnki.cjcpt.2022.18.02
https://doi.org/10.3389/fimmu.2024.1321946
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Combination treatment with anti-HER2 therapeutic antibody RC48, PD-1 inhibitor, radiotherapy, and granulocyte macrophage-colony stimulating factor (GM-CSF) in patient with metastatic gastric cancer: a case report
	1 Introduction
	2 Case presentation
	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


