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Background: With significant advances in the diagnostic tools and treatment modalities
of cancer, the incidence of multiple primary malignancies (MPMs) has increased in the last
decades. The therapeutic option changed with the arising of immune checkpoint inhibitors
(ICIs), which have improved the survival of a broad spectrum of tumors. However, little
information is available when it comes to the efficacy, resistance, and underlying
mechanisms of ICIs.

Case Presentation: A 67-year-old woman was diagnosed with pulmonary sarcomatoid
carcinoma (PSC) with a history of hepatocellular carcinoma (HCC) and viral hepatitis B.
Following the lack of response to systemic chemotherapy, she was treated with
camrelizumab, an anti-programmed cell death protein 1 monoclonal antibody, in
combination with chemotherapy, and a partial response was obtained both in PSC and
HCC. After a course of 9-month treatment, the PSC lesion shrank still, while HCC was
evaluated as a progressive disease with an increase in the diameter of liver neoplasm,
elevated alpha-fetoprotein, and enlarged abdominal lymph nodes. Then, with the addition
of radiotherapy for abdominal metastasis, the lung lesion was continuously shrinking. In
the meantime, the liver neoplasm and abdominal lymph nodes showed no
significant enlargement.
July 2022 | Volume 12 | Article 9119611

https://www.frontiersin.org/articles/10.3389/fonc.2022.911961/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.911961/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.911961/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.911961/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:drzhang1978@163.com
https://doi.org/10.3389/fonc.2022.911961
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.911961
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.911961&domain=pdf&date_stamp=2022-07-05


Abbreviations: MPMs, multiple prima
sarcomatoid carcinoma; HCC, hepatoc
disease; PR, partial response; SD, sta
lymphocyte-associated protein 4; PD-1, p
L1, programmed death ligand 1; TKI, tyros
Medical Products Administration; FDA, F
magnetic resonance imaging; CT, comput
arterial chemoembolization; HBV, hepatit
antigen; HBeAg, hepatitis B e antigen; HB
alpha-fetoprotein; NGS, next-generation s
score; DCs, dendritic cells; Tregs, regula
lymphocyte; MDSCs, myeloid-derived sup
dioxygenase; APC, antigen-presenting cell;

Wan et al. Multiple Primary Malignancies and Camrelizumab

Frontiers in Oncology | www.frontiersin.org
Conclusion: Camrelizumab combination therapy could consistently benefit the MPM
patients with PSC and HCC, which may be a promising option for patients with MPMs.
Keywords: multiple primary malignancies, immune checkpoint inhibitors, camrelizumab, immunotherapy,
acquired resistance
INTRODUCTION

Multiple primary malignancies (MPMs) were firstly described by
Billroth and defined as the concurrence of two or more different
neoplasms in the same individual. Each cancer originates from a
single primary site and is neither an extension, recurrence, or
metastasis (1). With the evolution in the diagnosis and treatment
of cancer, a higher proportion of surviving patients with cancer is
at a greater risk of developing a second, third, or even a higher
number of primary malignancies. The frequency of multiple
primaries ranges between 2 and 17% (2). Moreover, the
incidence of MPMs was 13% among 24,859 patients registered
with incident cancer from the Swiss cancer registries (3). Aging
and cancer treatment, such as conventional radiation therapy and
chemotherapy, may contribute to the development of MPMs (4).
Pulmonary sarcomatoid carcinoma (PSC) is a rare subtype of non-
small cell lung cancer characterized by epithelial-to-mesenchymal
transition, highly aggressive peculiarity, and propensity for
metastasis (5). Its prognosis is poor, the patients with PSC have
a median survival of less than 12 months (6), and the 5-year
survival rate is limited to 15–25% (7). Hepatocellular carcinoma
(HCC), as the most common type of primary liver cancer, is
ranked as the sixth most common neoplasm and the third leading
cause of cancer-related mortality worldwide in 2020 (8). The
improvement in early cancer diagnosis and comprehensive
treatment leads to the prolonged survival of cancer individuals,
and the number of MPM patients with HCC successively increases
(4). It was reported that lung cancer and colorectal and thyroid
carcinoma usually complicate with HCC (9). PSC is a rare extra-
hepatic tumor due to its low incidence.

MPM is a major medical problem which is common in clinical
practice. Due to the difference in pathological properties, the
sensitivity to drug therapy varies between different molecular
phenotypes. How to specify and optimize the treatment strategies
of MPMs has become a thorny problem perplexing the doctors at
present. Over the past decades, immunotherapy has sprung up and
becomes the cornerstone in the progress of treatment of MPMs.
Immune checkpoint inhibitors (ICIs) are the most important and
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well-studied immunotherapeutic agents with rapid breakthroughs
in the extensive application of tumor therapy. Due to the long and
durable responses and good tolerance, ICIs have been widely used
for the treatment of melanoma, non-small cell lung cancer,
esophageal cancer, and other solid tumors and hematologic
malignancies not only in the metastatic but also in the adjuvant
settings (10–12). ICIs work by blocking the combination of
checkpoint molecules, such as cytotoxic T lymphocyte-associated
protein 4, programmed cell death protein 1 (PD-1), and
programmed death ligand 1 (PD-L1), thereby resulting in the
robust activation of the immune system and productive
antitumor immune response (13). Due to a high rate of
chemoresistance to platinum-based standard regimens and low
response to radiotherapy, the current treatment options for PSC is
limited (14). ICIs may potentially reform the remedial scenery and
clinical outcome of PSC given that PSC appears to be a hot tumor
with high immune and inflammatory cell infiltration and that PD-
L1 is also highly expressed in PSC tissue (53–70%) (5, 15, 16). In
advanced HCC, ICIs have shown clinically relevant benefits as
monotherapy or in combination with TKI/antiangiogenetic agents
and local treatment (17–20). Importantly, camrelizumab, an anti-
PD-1 inhibitor, has been approved for the second-line treatment of
advanced HCC patients by the National Medical Products
Administration of China and granted the Orphan Drug
Designation in the treatment of HCC by the United States Food
and Drug Administration (21).

Because of the better data on immunotherapy for multi-
tumor species, ICIs may offer a promising avenue for MPMs.
Nonetheless, limited clinical evidence is available for their
efficacy. Despite the fact that many patients experience
dramatic tumor regression in response to ICIs, most patients
and cancers did not respond to these therapies due to primary
resistance and acquired resistance, which have overlapping
tumor intrinsic and micro-environmental extrinsic factors
responsible for the ICI resistance (22). Herein we report a case
of an MPM patient with PSC and HCC who benefit from
camrelizumab combination therapy.
CASE PRESENTATION

A 67-year-old female complained of a 1-week history of one right
lung mass and was admitted to Shandong Provincial Hospital
Affiliated to Shandong First Medical University in July, 2020. She
presented with shortness of breath, dry cough, and chest
tightness, without hemoptysis or chest pain. The patient
suffered from stage IA (cT1aN0M0) HCC, which was
diagnosed in February, 2017 in Qi Lu Hospital. The prior liver
magnetic resonance imaging result revealed an abnormal signal
(arterial phase hyperenhancement and delayed phase
July 2022 | Volume 12 | Article 911961
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hypointensity) in the anterosuperior segment of the right liver
lobe. Then, she underwent the transcatheter arterial
chemoembolization (TACE) treatment on HCC. The patient
had a 7-year history of hepatitis B virus (HBV) with antiviral
drug therapy; no family history was described.

After admission to the hospital, the laboratory examination
revealed that the liver function test was within normal range. The
viral markers showed positive serum hepatitis B surface antigen,
Frontiers in Oncology | www.frontiersin.org 3
hepatitis B e antigen, and hepatitis B core antibody. The
oncological marker alpha-fetoprotein (AFP) was 5.1 ng/ml,
and carcinoembryonic antigen was 2.0 ng/ml. The workup was
pursued by a computed tomography (CT) scan, which showed a
right lung mass (3.6 cm × 3.7 cm), a hepatic lump (2.2 cm ×
1.5 cm) next to the inferior vena cava, and enlarged
retroperitoneal lymph nodes (Figure 1). The primary clinical
stage of the lung tumor was identified as IB (cT2N0M0).
B

C

D

E
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A

FIGURE 1 | Treatment timeline of the patient. Progressive lesions are indicated by red arrows. PD, progressive disease; PR, partial response; SD, stable disease.
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Furthermore, she was diagnosed with sarcomatoid carcinoma as
the histopathologic results from the pulmonary mass biopsy
showed the following: CK (AE1/AE3) (weakly +), TTFI (–),
Glypican-3 (NS), CK8/18 (+), P40 (–), Syn (–), CD20 (–), LCA
(–), CD3 (–), CD30 (–), Ki-67+ (20%), SMA (–), and
vimentin (+).

Considering her good clinical conditions, the patient was
treated by chemotherapy with paclitaxel (150 mg/m2) plus
cisplatin (75 mg/m2) every 21 days for two cycles.
Unfortunately, on September 15, 2020, a whole-body CT scan
showed a progressive disease with an increase in the diameter of
the right lung lesion (4.6 cm × 4.2 cm) (Figure 1).

Thus, the patient received comprehensive genomic profiling
by next-generation sequencing in lung puncture tissue from the
previous biopsy. The immunohistochemical results showed the
expression of PD-L1 as 45% and the tumor proportional score
as >1%. All things considered, on September 24, 2020, the anti-
PD-1 mAb camrelizumab (200 mg, every 21 days) was added to
the foregoing chemotherapy with cycles of every 21 days. After 3
cycles of camrelizumab, the patient was evaluated as with
partial response for both PSC (3.1 cm × 3.1 cm) and HCC
(1.4 cm × 1.2 cm) on the basis of CT imaging on December 15,
2020 (Figure 1). Then, the combination therapy with
camrelizumab and paclitaxel was adopted as maintenance
treatment. A CT scan was conducted approximately every 3
months, while a laboratory test was performed prior to every
treatment. Both PSC and HCC were assessed as stable disease
(SD) (Figure 1). Unfortunately, on June 16, 2021, the patient was
assessed as PD with an increase of live tumor (the longer
diameter is 1.5 cm) associated with the rise of AFP (Figure 2)
and the significant enlargement of abdominal lymph nodes in a
whole-body CT scan (Figure 1). The patient underwent the
TACE treatment while remaining off from paclitaxel on the
account of third-degree myelosuppression. Camrelizumab was
still carried on, and the PSC lesion continued to shrink. On
September 2, 2021, to figure out the metastasis of the abdominal
lymph nodes, local radiotherapy (2 Gy each time for 25 times; in
total, 50 Gy) was added to the camrelizumab treatment. After 23
cycles of camrelizumab treatment, the efficacy was assessed as SD
for PSC and HCC according to the CT scan image in the last
follow-up (Figure 1).
Frontiers in Oncology | www.frontiersin.org 4
In the course of the camrelizumab combination therapy, no
treatment-related toxicities were observed. Throughout the
process, camrelizumab showed a manageable safety profile
and acceptable tolerability, with no treatment-related serious
adverse events.
DISCUSSION

Cancer survivors have an increased risk of developing MPMs
despite early detection and improved treatment regimens. MPMs
are known to occur at a high incidence rate in the malignancies
of head and neck (23), respiratory, gastrointestinal, and
genitourinary systems (24). The patient harbored two primary
malignancies, HCC, and secondary PSC. HCC is one of the most
common malignancies worldwide. Consequently, it is common
to find MPM patients with HCC over a long-term follow-up. In
MPM patients with HCC, the most common extra-hepatic
malignancies were lung cancer and colorectal and thyroid
carcinoma. Given the low incidence of PSC, MPM patients
involving PSC and HCC are even rarer.

The therapeutic options for MPMs are usually limited (25).
To our knowledge, regarding ICI treatment for MPMs, there
have been only a few case reports available and evidence-based
studies are lacking. There are several immune checkpoint
inhibitors, such as nivolumab, pembrolizumab, and
atezolizumab, which have demonstrated encouraging efficacy
in the treatment of multiple primary tumors (26–30). A bulk
of studies have shown the favorable efficacy of ICIs on PSC (31–
33) and HCC (34–36), respectively. Based on the promising
outcome of ICIs in HCC, PSC, and MPM patients, this is the first
attempt of camrelizumab used for the patient with PSC and
HCC, though it has been demonstrated to have anti-tumor
activity in HCC patients in the absence of evidence for PSC
conventional effective therapies.

In this case, the PSC lesion showed partial remission and
durable response to camrelizumab combination therapy after
progression with systemic chemotherapy, while on the other
hand, the HCC lesion showed a partial remission with a duration
of 9 months and gradually progressed with enlarging focus of
hepatocellular carcinoma, elevated AFP, and abdominal lymph
nodes. Within the continuous treatment of camrelizumab for less
than 2 years, the duration of the PSC lesion in maintaining
partial remission was more than 17 months. A previous study
demonstrated that a single-agent immunotherapy failed to lead
to benefit survival for HCC (37). In this case, after HCC
progressed, camrelizumab/TACE/radiotherapy combination
was introduced sequentially. The abovementioned indicators of
HCC were improved, and the patient was in good condition with
acceptable safety.

The etiology of MPMs is categorized into three major groups:
treatment-related neoplasms, syndromic cases, and common
etiologic factors, such as genetic predisposition or some
environmental factors (38). Immune escape is a common
pathological mechanism of various malignant tumors (39),
which may be one of the important mechanisms in the
FIGURE 2 | Changes of serum AFP level during camrelizumab treatment.
AFP, a-fetoprotein.
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development of MPMs and make ICIs to be the underlying
treatment options for various MPMs (2). ICIs work by activating
previously primed T cells, which have lost effector and
proliferative functions, to recover their antitumor effects. In
addition to T cells, other innate and adaptive immune cells can
be activated by ICIs to orchestrate an effective response against
tumors (40). Furthermore, ICIs inhibit not only the PD-1/PD-L1
axis but also the PD-L1/CD80 cis-interactions on dendritic cells
(DCs), freeing more CD80 molecules to promote T cell priming
(41). Genomic instability is usually considered as a crucial factor
in various carcinogenesis (42). In MPMs, as previously
mentioned, the main etiologies can be classified as cancer
treatment-related, co-exposure-related, or other factors.
Exposure to chemotherapy might not directly cause baseline
genomic instability, but it may increase the mutational profile of
a tumor (43). We therefore speculate that, in addition to the anti-
tumor effects of ICIs, MPMs have extensive genomic instability,
which could form a large antigen pool and increase the chances
for T cell recognition, resulting in a better ICI outcome (44).

In spite of promising results from clinical studies, only a small
subset of patients respond to immunotherapy and benefit from
ICI-based treatments due to the resistance of ICIs (45, 46). The
underlying mechanism of ICI resistance involves multiple defects
in key elements required for optimal T-cell response. Specifically,
the absence of tumor antigens and defective antigen presentation
are the main tumor-cell-intrinsic factors for resistance; at the
same time, some immunosuppressive components in the tumor
microenvironment, including regulatory T-cells (Tregs),
myeloid-derived suppressor cells (MDSCs), and inhibitory
immune checkpoints, are important extrinsic factors for
immunotherapy resistance (47).

Liver itself develops a specific immune tolerance to reduce
abnormal immune responses to large amounts of antigens.
Besides this, chronic HBV infection is associated with
the peripheral tolerance and tumor immunosuppressive
microenvironment (48, 49). The potential mechanisms of
immune resistance in HCC can be attributed to the
following four ways (1): Under the pressure of immune
selection, HCC escaped immune surveillance through losing
human leukocyte antigen heterozygosity and evolving into a
more immunosuppressive microenvironment (50); 2) In HCC,
DCs express relatively higher levels of interleukin-10,
prostaglandin E2, and indoleamine 2,3-dioxygenase as well as
lower activity markers of an antigen-presenting cell, thereby
reducing the activation of T-cell and giving rise to a specific
ineffective T-cell population (51) (3); In the microenvironment
of HCC, there ex i s t s an extens ive popula t ion of
immunosuppressive cells, such as Tregs and MDSCs (52, 53).
Tregs inhibit T cell proliferation not only through releasing
inhibitory cytokines (transforming growth factor b ,
interleukin-10, and interleukin-35) but also contacting the PD-
L1/PD-1 pathway (54). In HCC, different inflammatory
cytokines cooperatively disrupt the maturation of myeloid cells
and drive the expansion of MDSCs. MDSCs restrain the anti-
tumor response by upregulating PD-L1 expression, depleting
essential amino acids, and expressing immunosuppressive
Frontiers in Oncology | www.frontiersin.org 5
cytokines (55); and (4) The tumor microenvironment of HCC
is usually characterized by the presence of dysfunctional tumor-
infiltrating lymphocytes (56). Depletion, senescence, and anergy
state of T cells are all directly related to a failure of
immunotherapy (57).

Hopefully, combination immunotherapies have been
extensively explored to overcome immunotherapy resistance
and improve the anti-tumor effect. Chemotherapy and
radiation therapy, as the conventional genotoxic therapies, can
induce an immunogenic form of cancer cell death (ICD) (58).
ICD is characterized by the release of numerous damage-
associated molecular patterns including calreticulin, ATP, and
high mobility group protein B1. These molecules are liberated
from dying tumor cells and recognized by specific pattern
recognition receptors expressed by DCs, resulting in the
recruitment of DCs, processing and presentation of tumor
antigens, and activation of the anti-tumor immune response
(59–61). In addition, chemotherapy can deplete certain
immunosuppressive cells in the TME (such as MDSCs and
Tregs) and benefit from the differentiation of tumor-associated
macrophages with an anti-tumor phenotype. Adhesion
molecules can be upregulated by radiation therapy to promote
the recruitment of anti-tumor T lymphocytes to the tumor site
(59, 62, 63). Therefore, chemotherapy and radiation therapy
possess immunogenic effects as well as the ability to modulate the
immune-suppressive microenvironment (64). These may be
possible synergistic mechanisms underlying the effectiveness of
combination immunotherapies for MPMs.

However, it is clear that not all ICI combination therapies could
enhance immune activity. There are many existing problems, such
as biomarker selection, the timing of administration, the optimal
combination and sequence, and drug toxicities (65). Deeper
research into synergistic mechanisms is critical for the design of
efficient therapeutic schemes.
CONCLUDING REMARKS

In conclusion, definite pictures of malignancy and the exclusion
of metastatic tumors are important in the diagnosis of MPMs. As
immune escape is a common pathological mechanism of various
malignant tumors, ICI combination therapy may be a promising
treatment strategy for MPMs. To our knowledge, this is the first
case report of an MPM patient with PSC and HCC who
responded to camrelizumab combination therapy. After disease
progression, the patient also benefits from camrelizumab, which
provides a promising option for MPMs. However, to maximize
the clinical benefits of ICI therapy, it is essential to clarify the
mechanism underlying the resistance.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors without undue reservation.
July 2022 | Volume 12 | Article 911961

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wan et al. Multiple Primary Malignancies and Camrelizumab
ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
and minor(s)’ legal guardian/next of kin for the publication of
any potentially identifiable images or data included in
this article.
Frontiers in Oncology | www.frontiersin.org 6
AUTHOR CONTRIBUTIONS

FL conceived and designed the idea, organized the case report
overall, made critical appraisal, and approved the final manuscript.
ZW and NY contributed to collecting and analyzing radiology
figures. YW summarized the data and drafted the initial manuscript.
REFERENCES
1. Demandante CGN, Troyer DA, Miles TP. Multiple Primary Malignant

Neoplasms: Case Report and a Comprehensive Review of the Literature.
Am J Clin Oncol (2003) 26:79–83. doi: 10.1097/00000421-200302000-
00015

2. Vogt A, Schmid S, Heinimann K, Frick H, Herrmann C, Cerny T, et al.
Multiple Primary Tumours: Challenges and Approaches, a Review. ESMO
Open (2017) 2:e000172. doi: 10.1136/esmoopen-2017-000172

3. Levi F, Randimbison L, Rafael B-M, Manuela M-C, La Vecchia C. Second
Primary Cancers in the Vaud and Neuchâtel Cancer Registries. Eur J Cancer
Prev (2015) 24:150–4. doi: 10.1097/CEJ.0000000000000085

4. Zeng Q-A, Qiu J, Zou R, Li Y, Li S, Li B, et al. Clinical Features and Outcome
of Multiple Primary Malignancies Involving Hepatocellular Carcinoma: A
Long-Term Follow-Up Study. BMC Cancer (2012) 12:148. doi: 10.1186/1471-
2407-12-148

5. Domblides C, Leroy K, Monnet I, Mazières J, Barlesi F, Gounant V, et al.
Efficacy of Immune Checkpoint Inhibitors in Lung Sarcomatoid Carcinoma. J
Thorac Oncol (2020) 15:860–6. doi: 10.1016/j.jtho.2020.01.014

6. Sim JK, Chung SM, Choi JH, Oh JY, Lee SH, Kim JH, et al. Clinical and
Molecular Characteristics of Pulmonary Sarcomatoid Carcinoma. Korean J
Intern Med (2018) 33:737–44. doi: 10.3904/kjim.2017.245

7. Guo H, Li B, Diao L, Wang H, Chen P, Jiang M, et al. An Immune-Based Risk-
Stratification System for Predicting Prognosis in Pulmonary Sarcomatoid
Carcinoma (Psc). Oncoimmunology (2021) 10:1947665. doi: 10.1080/
2162402x.2021.1947665

8. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: Globocan Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2021) 71:209–
49. doi: 10.3322/caac.21660

9. Xu W, Liao W, Ge P, Ren J, Xu H, Yang H, et al. Multiple Primary
Malignancies in Patients With Hepatocellular Carcinoma: A Largest Series
With 26-Year Follow-Up. Med (Baltimore) (2016) 95:e3491. doi: 10.1097/
md.0000000000003491

10. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey CL,
et al. Overall Survival With Combined Nivolumab and Ipilimumab in
Advanced Melanoma. N Engl J Med (2017) 377:1345–56. doi: 10.1056/
NEJMoa1709684

11. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Lao CD, et al.
Five-Year Survival With Combined Nivolumab and Ipilimumab in
Advanced Melanoma. N Engl J Med (2019) 381:1535–46. doi: 10.1056/
NEJMoa1910836

12. Antonia SJ, Villegas A, Daniel D, Vicente D, Murakami S, Hui R, et al.
Durvalumab After Chemoradiotherapy in Stage Iii Non-Small-Cell Lung
Cancer. N Engl J Med (2017) 377:1919–29. doi: 10.1056/NEJMoa1709937

13. Ribas A, Wolchok JD. Cancer Immunotherapy Using Checkpoint Blockade.
Science (2018) 359:1350–5. doi: 10.1126/science.aar4060

14. Schrock AB, Li SD, Frampton GM, Suh J, Braun E, Mehra R, et al.
Pulmonary Sarcomatoid Carcinomas Commonly Harbor Either
Potentially Targetable Genomic Alterations or High Tumor Mutational
Burden as Observed by Comprehensive Genomic Profiling. J Thorac Oncol
(2017) 12:932–42. doi: 10.1016/j.jtho.2017.03.005

15. Velcheti V, Rimm DL, Schalper KA. Sarcomatoid Lung Carcinomas Show
High Levels of Programmed Death Ligand-1 (Pd-L1). J Thorac Oncol (2013)
8:803–5. doi: 10.1097/JTO.0b013e318292be18

16. Vieira T, Antoine M, Hamard C, Fallet V, Duruisseaux M, Rabbe N, et al.
Sarcomatoid Lung Carcinomas Show High Levels of Programmed Death
Ligand-1 (Pd-L1) and Strong Immune-Cell Infiltration by Tcd3 Cells and
Macrophages. Lung Cancer (2016) 98:51–8. doi: 10.1016/j.lungcan.
2016.05.013

17. El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al.
Nivolumab in Patients With Advanced Hepatocellular Carcinoma
(Checkmate 040): An Open-Label, Non-Comparative, Phase 1/2 Dose
Escalation and Expansion Trial. Lancet (2017) 389:2492–502. doi: 10.1016/
s0140-6736(17)31046-2

18. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et al.
Pembrolizumab in Patients With Advanced Hepatocellular Carcinoma
Previously Treated With Sorafenib (Keynote-224): A Non-Randomised,
Open-Label Phase 2 Trial. Lancet Oncol (2018) 19:940–52. doi: 10.1016/
s1470-2045(18)30351-6

19. Federico P, Petrillo A, Giordano P, Bosso D, Fabbrocini A, Ottaviano M, et al.
Immune Checkpoint Inhibitors in Hepatocellular Carcinoma: Current Status
and Novel Perspectives. Cancers (Basel) (2020) 12:3025. doi: 10.3390/
cancers12103025

20. Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. Atezolizumab
Plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N Engl J Med
(2020) 382:1894–905. doi: 10.1056/NEJMoa1915745

21. Chen Z, Lu X, Koral K. The Clinical Application of Camrelizumab on
Advanced Hepatocellular Carcinoma. Expert Rev Gastroenterol Hepatol
(2020) 14:1017–24. doi: 10.1080/17474124.2020.1807939

22. Marin-Acevedo JA, Dholaria B, Soyano AE, Knutson KL, Chumsri S, Lou Y.
Next Generation of Immune Checkpoint Therapy in Cancer: New
Developments and Challenges. J Hematol Oncol (2018) 11:39. doi: 10.1186/
s13045-018-0582-8

23. Ohno K, Kawada K, Sugimoto T, Kiyokawa Y, Kawabe H, Takahashi R, et al.
Evaluation of Synchronous Multiple Primary Superficial Laryngo-
Pharyngeal Cancers That Were Treated by Endoscopic Laryngo-
Pharyngeal Surgery. Auris Nasus Larynx (2021) 48:1162–6. doi: 10.1016/
j.anl.2021.03.022

24. Okajima K, Ishikawa K, Matsuura T, Tatebe H, Fujiwara K, Hiroi K, et al.
Multiple Primary Malignancies in Patients With Prostate Cancer: Increased
Risk of Secondary Malignancies After Radiotherapy. Int J Clin Oncol (2013)
18:1078–84. doi: 10.1007/s10147-012-0496-3

25. Jung EJ, Lee JH, Jeon K, Koh WJ, Suh GY, Chung MP, et al. Treatment
Outcomes for Patients With Synchronous Multiple Primary Non-Small Cell
Lung Cancer. Lung Cancer (2011) 73:237–42. doi: 10.1016/j.lungcan.
2010.11.008

26. Aoki H, Matsumoto N, Takahashi H, Honda M, Kaneko T, Arima S, et al.
Immune Checkpoint Inhibitor as a Therapeutic Choice for Double Cancer: A
Case Series. Anticancer Res (2021) 41:6225–30. doi: 10.21873/anticanres.15442

27. Nozawa Y, Oka Y, Oosugi J, Takemura S. Immunotherapy for Pulmonary
Squamous Cell Carcinoma and Colon Carcinoma With Pembrolizumab: A
Case Report. Med (Baltimore) (2018) 97:e0718. doi: 10.1097/md.
0000000000010718

28. Yamada H, Hida N, Satoh H, Yamagishi T, Hiroshima Y, Yoshii S, et al.
Improved Outcomes With Pembrolizumab Treatment in Two Cases of
Double Cancer Including Non-Small-Cell Lung Cancer. Anticancer Drugs
(2019) 30:105–9. doi: 10.1097/cad.0000000000000677

29. Egawa T, Masuzawa K, Nakayama S, Maeda I, Tsunematsu S, Suzuki Y, et al.
Synchronous Primary Lung Adenocarcinoma and Hepatocellular Carcinoma
Successfully Treated With a Combination of Atezolizumab, Bevacizumab,
Carboplatin, and Paclitaxel. Intern Med (2021) 60:3273–7. doi: 10.2169/
internalmedicine.6442-20

30. Okauchi S, Sasatani Y, Ohara G, Kagohashi K, Satoh H. Combined
Atezolizumab and Chemotherapy for a Patient With Double Primary
Cancers. In Vivo (2020) 34:389–92. doi: 10.21873/invivo.11785
July 2022 | Volume 12 | Article 911961

https://doi.org/10.1097/00000421-200302000-00015
https://doi.org/10.1097/00000421-200302000-00015
https://doi.org/10.1136/esmoopen-2017-000172
https://doi.org/10.1097/CEJ.0000000000000085
https://doi.org/10.1186/1471-2407-12-148
https://doi.org/10.1186/1471-2407-12-148
https://doi.org/10.1016/j.jtho.2020.01.014
https://doi.org/10.3904/kjim.2017.245
https://doi.org/10.1080/2162402x.2021.1947665
https://doi.org/10.1080/2162402x.2021.1947665
https://doi.org/10.3322/caac.21660
https://doi.org/10.1097/md.0000000000003491
https://doi.org/10.1097/md.0000000000003491
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1056/NEJMoa1910836
https://doi.org/10.1056/NEJMoa1910836
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1126/science.aar4060
https://doi.org/10.1016/j.jtho.2017.03.005
https://doi.org/10.1097/JTO.0b013e318292be18
https://doi.org/10.1016/j.lungcan.2016.05.013
https://doi.org/10.1016/j.lungcan.2016.05.013
https://doi.org/10.1016/s0140-6736(17)31046-2
https://doi.org/10.1016/s0140-6736(17)31046-2
https://doi.org/10.1016/s1470-2045(18)30351-6
https://doi.org/10.1016/s1470-2045(18)30351-6
https://doi.org/10.3390/cancers12103025
https://doi.org/10.3390/cancers12103025
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1080/17474124.2020.1807939
https://doi.org/10.1186/s13045-018-0582-8
https://doi.org/10.1186/s13045-018-0582-8
https://doi.org/10.1016/j.anl.2021.03.022
https://doi.org/10.1016/j.anl.2021.03.022
https://doi.org/10.1007/s10147-012-0496-3
https://doi.org/10.1016/j.lungcan.2010.11.008
https://doi.org/10.1016/j.lungcan.2010.11.008
https://doi.org/10.21873/anticanres.15442
https://doi.org/10.1097/md.0000000000010718
https://doi.org/10.1097/md.0000000000010718
https://doi.org/10.1097/cad.0000000000000677
https://doi.org/10.2169/internalmedicine.6442-20
https://doi.org/10.2169/internalmedicine.6442-20
https://doi.org/10.21873/invivo.11785
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wan et al. Multiple Primary Malignancies and Camrelizumab
31. Li X, Wu D, Liu H, Chen J. Pulmonary Sarcomatoid Carcinoma: Progress,
Trea tment and Expec ta t ions . Ther Adv Med Onco l (2020)
12:1758835920950207. doi: 10.1177/1758835920950207

32. Sukrithan V, Sandler J, Gucalp R, Gralla R, Halmos B. Immune Checkpoint
Blockade Is Associated With Durable Responses in Pulmonary Sarcomatoid
Carcinoma. Clin Lung Cancer (2019) 20:e242–e6. doi: 10.1016/
j.cllc.2018.12.013

33. Kong F, Wang W, Gong L, Wu W, Liu Y. Anti-Pd-1 Antibody Camrelizumab
Plus Doxorubicin Showed Durable Response in Pulmonary Sarcomatoid
Carcinoma: Case Report and Literature Review. J Clin Pharm Ther (2020)
45:1489–96. doi: 10.1111/jcpt.13234

34. Xu J, Shen J, Gu S, Zhang Y, Wu L, Wu J, et al. Camrelizumab in Combination
With Apatinib in Patients With Advanced Hepatocellular Carcinoma
(Rescue): A Nonrandomized, Open-Label, Phase Ii Trial. Clin Cancer Res
(2021) 27:1003–11. doi: 10.1158/1078-0432.Ccr-20-2571

35. Wei F, Huang Q, He J, Luo L, Zeng Y. Lenvatinib Plus Camrelizumab Versus
Lenvatinib Monotherapy as Post-Progression Treatment for Advanced
Hepatocellular Carcinoma: A Short-Term Prognostic Study. Cancer Manag
Res (2021) 13:4233–40. doi: 10.2147/cmar.S304820

36. Li H, Qin S, Liu Y, Chen Z, Ren Z, Xiong J, et al. Camrelizumab Combined
With Folfox4 Regimen as First-Line Therapy for Advanced Hepatocellular
Carcinomas: A Sub-Cohort of a Multicenter Phase Ib/Ii Study. Drug Des Devel
Ther (2021) 15:1873–82. doi: 10.2147/dddt.S304857

37. Pinato DJ, Fessas P, Cortellini A, Rimassa L. Combined Pd-1/Vegfr Blockade:
A New Era of Treatment for Hepatocellular Cancer. Clin Cancer Res (2021)
27:908–10. doi: 10.1158/1078-0432.CCR-20-4069

38. Sakellakis M, Peroukides S, Iconomou G, Boumpoucheropoulos S, Kalofonos
H. Multiple Primary Malignancies: A Report of Two Cases. Chin J Cancer Res
(2014) 26:215–8. doi: 10.3978/j.issn.1000-9604.2014.02.15

39. Hanahan D, Weinberg RA. Hallmarks of Cancer: The Next Generation. Cell
(2011) 144:646–74. doi: 10.1016/j.cell.2011.02.013

40. Alsaab HO, Sau S, Alzhrani R, Tatiparti K, Bhise K, Kashaw SK, et al. Pd-1 and
Pd-L1 Checkpoint Signaling Inhibition for Cancer Immunotherapy:
Mechanism, Combinations, and Clinical Outcome. Front Pharmacol (2017)
8:561. doi: 10.3389/fphar.2017.00561

41. Butte MJ, Keir ME, Phamduy TB, Sharpe AH, Freeman GJ. Programmed
Death-1 Ligand 1 Interacts Specifically With the B7-1 Costimulatory Molecule
to Inhibit T Cell Responses. Immunity (2007) 27:111–22. doi: 10.1016/
j.immuni.2007.05.016

42. Jamal-Hanjani M, Quezada SA, Larkin J, Swanton C. Translational
Implications of Tumor Heterogeneity. Clin Cancer Res (2015) 21:1258–66.
doi: 10.1158/1078-0432.Ccr-14-1429

43. Findlay JM, Castro-Giner F, Makino S, Rayner E, Kartsonaki C, Cross W, et al.
Differential Clonal Evolution in Oesophageal Cancers in Response to Neo-
Adjuvant Chemotherapy. Nat Commun (2016) 7:11111. doi: 10.1038/
ncomms11111

44. Jardim DL, Goodman A, de Melo Gagliato D, Kurzrock R. The Challenges of
Tumor Mutational Burden as an Immunotherapy Biomarker. Cancer Cell
(2021) 39:154–73. doi: 10.1016/j.ccell.2020.10.001

45. Nishida N, Kudo M. Immune Checkpoint Blockade for the Treatment of
Human Hepatocellular Carcinoma. Hepatol Res (2018) 48:622–34.
doi: 10.1111/hepr.13191

46. Xu F, Jin T, Zhu Y, Dai C. Immune Checkpoint Therapy in Liver Cancer. J Exp
Clin Cancer Res (2018) 37:110. doi: 10.1186/s13046-018-0777-4

47. Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. Primary, Adaptive, and
Acquired Resistance to Cancer Immunotherapy. Cell (2017) 168:707–23.
doi: 10.1016/j.cell.2017.01.017

48. Li TY, Yang Y, Zhou G, Tu ZK. Immune Suppression in Chronic Hepatitis B
Infection Associated Liver Disease: A Review. World J Gastroenterol (2019)
25:3527–37. doi: 10.3748/wjg.v25.i27.3527

49. Fu Y, Liu S, Zeng S, Shen H. From Bench to Bed: The Tumor Immune
Microenvironment and Current Immunotherapeutic Strategies for
Hepatocellular Carcinoma. J Exp Clin Cancer Res (2019) 38:396.
doi: 10.1186/s13046-019-1396-4

50. Nguyen PHD, Ma S, Phua CZJ, Kaya NA, Lai HLH, Lim CJ, et al.
Intratumoural Immune Heterogeneity as a Hallmark of Tumour Evolution
Frontiers in Oncology | www.frontiersin.org 7
and Progression in Hepatocellular Carcinoma. Nat Commun (2021) 12:227.
doi: 10.1038/s41467-020-20171-7

51. El Dika I, Khalil DN, Abou-Alfa GK. Immune Checkpoint Inhibitors for
Hepatocellular Carcinoma. Cancer (2019) 125:3312–9. doi: 10.1002/cncr.32076

52. Fu J, Xu D, Liu Z, Shi M, Zhao P, Fu B, et al. Increased Regulatory T Cells
Correlate With Cd8 T-Cell Impairment and Poor Survival in Hepatocellular
Carcinoma Patients. Gastroenterology (2007) 132:2328–39. doi: 10.1053/
j.gastro.2007.03.102

53. Iwata T, Kondo Y, Kimura O, Morosawa T, Fujisaka Y, Umetsu T, et al. Pd-L1
(+)Mdscs Are Increased in Hcc Patients and Induced by Soluble Factor in the
Tumor Microenvironment. Sci Rep (2016) 6:39296. doi: 10.1038/srep39296

54. Lu C, Rong D, Zhang B, Zheng W, Wang X, Chen Z, et al. Current
Perspectives on the Immunosuppressive Tumor Microenvironment in
Hepatocellular Carcinoma: Challenges and Opportunities. Mol Cancer
(2019) 18:130. doi: 10.1186/s12943-019-1047-6

55. Law AMK, Valdes-Mora F, Gallego-Ortega D. Myeloid-Derived Suppressor
Cells as a Therapeutic Target for Cancer. Cells (2020) 9:561. doi: 10.3390/
cells9030561

56. Zhao Y, Shao Q, Peng G. Exhaustion and Senescence: Two Crucial
Dysfunctional States of T Cells in the Tumor Microenvironment. Cell Mol
Immunol (2020) 17:27–35. doi: 10.1038/s41423-019-0344-8

57. Crespo J, Sun H, Welling TH, Tian Z, Zou W. T Cell Anergy, Exhaustion,
Senescence, and Stemness in the Tumor Microenvironment. Curr Opin
Immunol (2013) 25:214–21. doi: 10.1016/j.coi.2012.12.003

58. Turubanova VD, Balalaeva IV, Mishchenko TA, Catanzaro E, Alzeibak R,
Peskova NN, et al. Immunogenic Cell Death Induced by a New Photodynamic
Therapy Based on Photosens and Photodithazine. J For Immunother Cancer
(2019) 7:350. doi: 10.1186/s40425-019-0826-3

59. YuW-D, Sun G, Li J, Xu J, Wang X. Mechanisms and Therapeutic Potentials of
Cancer Immunotherapy in Combination With Radiotherapy and/or
Chemotherapy. Cancer Lett (2019) 452:66–70. doi: 10.1016/j.canlet.2019.02.048

60. Krysko DV, Garg AD, Kaczmarek A, Krysko O, Agostinis P, Vandenabeele P.
Immunogenic Cell Death and Damps in Cancer Therapy. Nat Rev Cancer
(2012) 12:860–75. doi: 10.1038/nrc3380

61. Patel SA, Minn AJ. Combination Cancer Therapy With Immune Checkpoint
Blockade: Mechanisms and Strategies. Immunity (2018) 48:417–33.
doi: 10.1016/j.immuni.2018.03.007

62. Zhu S, Zhang T, Zheng L, Liu H, Song W, Liu D, et al. Combination Strategies
to Maximize the Benefits of Cancer Immunotherapy. J Hematol Oncol (2021)
14:156. doi: 10.1186/s13045-021-01164-5

63. Hirata E, Sahai E. Tumor Microenvironment and Differential Responses to
Therapy. Cold Spring Harbor Perspect In Med (2017) 7:a026781. doi: 10.1101/
cshperspect.a026781

64. Wang Y-J, Fletcher R, Yu J, Zhang L. Immunogenic Effects of Chemotherapy-
Induced Tumor Cell Death. Genes Dis (2018) 5:194–203. doi: 10.1016/
j.gendis.2018.05.003

65. Meric-Bernstam F, Larkin J, Tabernero J, Bonini C. Enhancing Anti-Tumour
Efficacy With Immunotherapy Combinations. Lancet (2021) 397:1010–22.
doi: 10.1016/s0140-6736(20)32598-8

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wan, Wang, Yang and Liu. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
July 2022 | Volume 12 | Article 911961

https://doi.org/10.1177/1758835920950207
https://doi.org/10.1016/j.cllc.2018.12.013
https://doi.org/10.1016/j.cllc.2018.12.013
https://doi.org/10.1111/jcpt.13234
https://doi.org/10.1158/1078-0432.Ccr-20-2571
https://doi.org/10.2147/cmar.S304820
https://doi.org/10.2147/dddt.S304857
https://doi.org/10.1158/1078-0432.CCR-20-4069
https://doi.org/10.3978/j.issn.1000-9604.2014.02.15
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.3389/fphar.2017.00561
https://doi.org/10.1016/j.immuni.2007.05.016
https://doi.org/10.1016/j.immuni.2007.05.016
https://doi.org/10.1158/1078-0432.Ccr-14-1429
https://doi.org/10.1038/ncomms11111
https://doi.org/10.1038/ncomms11111
https://doi.org/10.1016/j.ccell.2020.10.001
https://doi.org/10.1111/hepr.13191
https://doi.org/10.1186/s13046-018-0777-4
https://doi.org/10.1016/j.cell.2017.01.017
https://doi.org/10.3748/wjg.v25.i27.3527
https://doi.org/10.1186/s13046-019-1396-4
https://doi.org/10.1038/s41467-020-20171-7
https://doi.org/10.1002/cncr.32076
https://doi.org/10.1053/j.gastro.2007.03.102
https://doi.org/10.1053/j.gastro.2007.03.102
https://doi.org/10.1038/srep39296
https://doi.org/10.1186/s12943-019-1047-6
https://doi.org/10.3390/cells9030561
https://doi.org/10.3390/cells9030561
https://doi.org/10.1038/s41423-019-0344-8
https://doi.org/10.1016/j.coi.2012.12.003
https://doi.org/10.1186/s40425-019-0826-3
https://doi.org/10.1016/j.canlet.2019.02.048
https://doi.org/10.1038/nrc3380
https://doi.org/10.1016/j.immuni.2018.03.007
https://doi.org/10.1186/s13045-021-01164-5
https://doi.org/10.1101/cshperspect.a026781
https://doi.org/10.1101/cshperspect.a026781
https://doi.org/10.1016/j.gendis.2018.05.003
https://doi.org/10.1016/j.gendis.2018.05.003
https://doi.org/10.1016/s0140-6736(20)32598-8
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Treatment of Multiple Primary Malignancies With PD-1 Inhibitor Camrelizumab: A Case Report and Brief Literature Review
	Introduction
	CASE PRESENTATION
	Discussion
	Concluding Remarks
	Data Availability Statement
	Ethics Statement
	Author Contributions
	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 /LeaveColorUnchanged
  /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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


