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Case report: Local cryoablation
combined with pembrolizumab
to eliminate lung metastases
from ovarian clear
cell carcinoma
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Ovarian clear cell carcinoma has a high recurrence rate with poor prognosis

and is generally not sensitive to conventional platinum-based chemotherapy.

Its less frequent occurrence of mutations such as BRCA limited the targeted

therapies. Immunotherapy is not currently recommended as a first-line agent

for ovarian cancer, and most patients are not yet able to benefit from it.

Cryoablation can be used to treat solid systemic tumors, including ovarian

cancer metastases, and can produce a limited anti-tumor immune response.

The anti-tumor effects of cryoablation combined with immunotherapy have

not been adequately confirmed. This study reports a case of a patient with

ovarian clear cell carcinoma who underwent conventional adjuvant

chemotherapy after initially surgical resection of the tumor. Unfortunately,

cancer recurred and metastasized to the abdominal wall. After a series of

painful chemotherapy and a second surgery, the cancer was still not effectively

controlled, and the patient developed extensive metastases in the lung. The

patient’s PD-L1 expression level also did not support solo immunotherapy. We

pioneered the use of cryoablation to first eradicate themost significant lesion in

the upper lobe of the left lung and then combined it with the PD-L1 inhibitor

pembrolizumab to treat the patient with immunotherapy, which resulted in the

complete eradication of the other multiple metastases in the lung and saved

the patient’s life. Although the precise mechanism of action has not yet been

explored, we have reason to believe that the combination of cryoablation and

immune checkpoint inhibitor has a powerful synergistic anti-tumor effect,

which is yet to be confirmed by more basic research and clinical applications

in the next step.
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Introduction

Epithelial ovarian cancer (EOC), referred to as ovarian

cancer, is a heterogeneous group of diseases with different

genomic characteristics, prone to chemotherapy resistance

resulting in a high recurrence rate and poor prognosis, with

the highest death rate among gynecological malignancies (1, 2).

Ovarian clear cell carcinoma (OCCC) is the second most

common histological type of EOC (1, 3). Early-stage OSCC

should be treated with complete tumor staging surgery,

including total hysterectomy, adnexal resection, and

abdominal lymph node dissection. Patients with advanced

OCCC have a worse prognosis than other histological subtypes

of ovarian cancer. Clinical diagnosis and treatment are

challenging, and targeted clinical guidelines for diagnosis and

treatment are lacking. Chemotherapy is the conventional

adjuvant treatment for OCCC after surgery. Still, its effect is

not apparent, especially for the resistance to platinum-based

chemotherapy drugs (4)。Immunotherapy, especially immune

checkpoint inhibitors, is currently a hot topic in oncology

research. Clinical trials have been conducted for recurrent or

metastatic OCCC to validate the anti-tumor activity and safety

of immunotherapy with PD-1 antibody (pembrolizumab) in 376

patients with recurrent ovarian cancer. The effectiveness rate was

only 8% in all patients and 15.8% in 19 patients with OCCC.

Most of the patients did not benefit from it (5).

Cryoablation is to place a probe in the center of the tumor to

induce tumor tissue necrosis and apoptosis through intracellular

ice crystal formation and cell destruction caused by ultra-low

temperature (6). For all primary solid tumors and metastatic

tumors at all sites, imaging-guided cryoablation can destroy

tumors with minor trauma and faster recovery and can be

applied to multiple lesions simultaneously or repeatedly (7, 8).

Cryoablation has also been shown to promote a limited anti-

tumor immune response and may also have a powerful

synergistic anti-tumor effect with immunotherapy (9–11).

This study reports a patient with recurrent, metastatic

ovarian clear cell carcinoma whose tumor was not effectively

controlled after a series of chemotherapy and second surgery.

After our pioneering use of cryoablation to eradicate a more

significant lesion in the left lung, the patient was subsequently

treated with immunotherapy in combination with the PD-L1

inhibitor palivizumab, which destroyed the other multiple

lesions in the lung and saved the patient’s life.
Patient description

This retrospective study was approved by the Ethics

Committee of the Chinese PLA general hospital. Written

informed consent was provided for this study by the patient.

The patient was a 48-year-old female who underwent surgical

resection after evaluation for a left ovarian tumor discovered in
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July 2017. Intraoperative evaluation after opening the abdomen

resulted in surgical resection of the entire uterus and adnexa, the

appendix and part of the greater omentum, and pelvic lymph

nodes were cleared. The postoperative pathological diagnosis

was clear cell carcinoma of the left ovary, and cancer cells were

seen in a section of the left fallopian tube. In contrast, no cancer

cells were seen in the greater omentum and appendix.

After the surgical procedure, the patient was given 6 cycles of

systemic adjuvant chemotherapy based on the consultation with

the surgeon and medical oncologist. The chemotherapy protocol

was Lipoxin plus carboplatin. After chemotherapy, the patient

was followed up regularly every six months, and no recurrence

or metastasis was detected.

Three years later, in November 2020, the patient was found to

have a left abdominal wall mass on follow-up examination, and

the size of the lesion was found to be about 3.3*1.9 cm on a CT

scan. Multiple nodules were also present in the bilateral lungs,

suggesting significant tumor progression and possible systemic

metastasis. After consultation and with the family’s consent,

surgical resection was performed for the left abdominal wall

mass, and the pelvic metastatic lymph nodes were also cleared.

The postoperative pathological diagnosis of the left abdominal

wall mass and the metastatic pelvic lymph nodes was: ovarian

clear cell carcinomametastasis. To further clarify the nature of the

tumor and its responsiveness to immunotherapy and targeted

therapy, and immunohistochemical analysis of the metastatic

tumor tissue was performed. The results showed that BRCA1(-),

PD-L1 TPS=5%, CPS=10, TMB 3.91Muts/Mb medium (lower

than 67% of ovarian cancer patients), and microsatellite stable

(Figure 1). EBV test result was negative. The above results suggest

that immune checkpoint inhibitors of the PD-1/PD-L1 pathway

may have some effect on this patient. Still, the effect is limited and

cannot be used as a basis for single-agent application according to

clinical guidelines. After the physician informed the family of the

circumstances, the family decided to withhold immunotherapy

after communication with the patient. To stop the further spread

of the tumor, the medical oncologic department recommended

continuing chemotherapy. Two cycles of chemotherapy were

administered from November 2020 to February 2021, and the

treatment protocol was Tysol plus Boldin. During the

chemotherapy period, there was an III° decrease in neutrophils,

CT scan evaluation of multiple foci in both lungs was larger than

before, and the efficacy was assessed as PD. After a

multidisciplinary team discussion, the chemotherapy regimen

was changed to CPT11 plus gemcitabine for six cycles, with the

last chemotherapy on June 10, 2021. CT examination after

chemotherapy showed that multiple solid nodules of varying

sizes were still seen in both lungs, with the larger one measuring

about 20×12 mm. During the long period of chemotherapy, the

patient suffered a lot of pain and mental stress.

After chemotherapy, the patient took oral Chinese medicinal

agents continuously for about 6 weeks to modulate her health.

The exact names and ingredients of the drugs are unknown.
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Later, the patient sought further consultation and treatment for

multiple lung foci and came to our institution. After admission,

CT showed that multiple masses and nodules of different sizes

were visible in both lungs of the patient. The larger one was

about 33 mm in diameter, and all were considered to be

metastases in combination with medical history (Figures 2A–D).

To determine the pathological type of the multiple

pulmonary tumors to guide the following treatment, we first

selected the larger lesion in the left upper lobe of the lung for CT-

guided percutaneous puncture biopsy after the routine
Frontiers in Immunology 03
preoperative examination upon admission (Figure 3A). Three

strips of tumor tissue were obtained and sent for testing after

puncture with a BD 18G co-axial biopsy needle (Bard Peripheral

Vascular Inc, USA) (Figure 3B). After a minimally invasive

biopsy, the patient did not experience significant bleeding or

pneumothorax on the immediate postoperative CT scan

(Figure 3C). Approximately 6 hours after surgery, the patient

developed a sharp cough, followed by breath-holding and

decreased oxygen saturation. CT scan showed a left-sided

pneumothorax was developed, closed chest drainage was given,
FIGURE 2

1 CT follow-up images of the patient before and after cryoablation. (A–D) Before cryoablation of the patient, multiple masses and nodules of
variable size were seen in the left upper lobe and lower lobe of both lungs. (E–H) Six months after cryoablation of the more significant lesion in
the left upper lobe, the frozen area was seen to be smaller and firmer; the remaining multiple lung lesions had largely disappeared. (I–L) Nine
months after cryoablation, only scarring was seen in the cryoablation area, and no lesions were seen in both lungs.
FIGURE 1

Immunohistochemistry showed that PD-L1 expression in the tumor tissue was 5% for TPS and 10 for CPS (A–D). TPS, tumor proportion score;
CPS, combined positive score.
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and the tube would be removed after the gas was drained

(Figures 3D–F).

The pathology results showed adenoidally arranged

heterogeneous cells in the punctured tissue, which, together

with the history and immunohistochemical findings, was

consistent with ovarian clear cell carcinoma metastasis.

The results of immunohistochemistry were TTF-1(-), p16

(individual +), p53 (+90%), PAX-8 (+), WT-1 (local weak +),

ER (-), PR (-), NapsinA (partial +), CK7 (+), Ki-67 (+30%).

Because there were too many lesions in the lungs to

perform surgical resection, and for more extensive lesions,

radiofrequency or microwave may not easily inactivate the

lesions completely. Finally, after evaluation of the patient, CT-

guided percutaneous left lung lesion argon-helium cryoablation

was planned to destroy the larger tumors while clarifying the

pathology to guide the following treatment plan. Although

the gas in the thoracic cavity was completely drained, we

decided to keep the chest drain until after the ablation to

prevent pneumothorax recurrence during and after the

cryoablation procedure.

Cryoablation treatment procedure: The patient was supine

on the CT examination table, with routine monitoring and

establishing intravenous access. After the CT scan was

performed, the skin was marked with the puncture site with a

routinely regional disinfected and sterile towel laid, 1% lidocaine

was used for local anesthesia, and two 17G cryoprobes were

percutaneously punctured into the left upper lobe of the lung

under the CT-guidance, two freeze-ablation cycles were

performed (Figures 4A–D). CT scans were performed at 5-

minute intervals during the treatment to determine the ice

ball’s location and extent. The CT scan was performed again
Frontiers in Immunology 04
after removing the probe to confirm the treatment’s effectiveness

and exclude complications, including bleeding. No abnormality

was found in the postoperative CT scan (Figures 4E, F).

Postoperatively, the patient was given a flurbiprofen ester

injection and pethidine hydrochloride injection as a

symptomatic treatment for pain. Because of the large lesion,

the patient was given hydration and alkalinization of urine

treatment, and liver and kidney function were closely

monitored to prevent liver and kidney failure. Preoperative

treatment was given to avoid infection. Postoperatively,

symptomatic treatment such as analgesia and anti-

inflammation was given.

Considering the immune effect of cryoablation and the

synergistic anti-tumor effect between cryoablation and

immunotherapy, combined with the patient’s previous

immunohistochemical results, we believed that cryotherapy

combined with immunotherapy might have a significant

therapeutic effect on tumors in other sites of the body.

Therefore, after communication with the patient and family,

systemic immunotherapy was subsequently administered. The

intravenous infusion drug was PD-1/PD-L1 pathway inhibitor

pembrolizumab at 200 mg/3 weeks, with the first dose on 2021-

9-19.

Six months after cryoablation, the patient had received a

total of 6 cycles of immunotherapy. At that time, the imaging

follow-up revealed that the ablated area in the upper lobe of the

left lung had become smaller and firmer. Amazingly, the

previous solid nodules of varying sizes in both lungs had

almost disappeared, especially the larger mass in the lower

lobe of the right lung, which was approximately 30 mm in

diameter, was found to have largely vanished with only a tiny
FIGURE 3

After CT-guided percutaneous biopsy, the patient developed pneumothorax and decreased oxygen saturation, which was treated with CT-
guided tube drainage. (A) A left upper lobe mass with significant enhancement. (B) The needle slot of the 18G semi-automatic puncture needle
was located in the center of the tumor. (C) No significant postoperative bleeding or pneumothorax was observed. (D) Pneumothorax was
caused by the harsh coughing of the patient. (E) The patient was treated with a chest tube for drainage. (F) The pneumothorax had utterly
disappeared after 1 week.
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amount of cords remaining on this examination. In addition, a

small amount of fluid in bilateral chest cavities had been wholly

absorbed (Figures 2E–H).

At the subsequent three-month follow-up, we found that the

residual scar in the area of cryoablation in the upper lobe of the

left lung had further shrunk, the entire lung was free of any new

or enlarged lesions than before, and the residual cords in the

original larger tumor area in the lower lobe of the right lung had

disappeared entirely (Figures 2I–L). At this point, we believe that

cryoablation followed by the PD-L1 inhibitor has a powerful

synergistic anti-tumor effect that stops tumor progression and

even provides a complete cure for the tumor. And the patient

strongly proved our hypothesis. To date, the patient has

undergone a total of 12 cycles of immunotherapy, and no

significant toxic side effects occurred in the patient after

immunotherapy. The patient is continuing immunotherapy,

and the impact of treatment is regularly evaluated by

biochemical indicators and imaging. No signs of tumor

recurrence or metastasis have been detected nearly 1 year after

cryoablation, and the clinical efficacy is assessed as complete

response (CR).
Discussion

This study is an encouraging report of a case of cryoablation

in synergy with PD-1/PD-L1 pathway inhibitor pembrolizumab

against OCCC metastasis. The patient underwent surgery for

ovarian cancer for 5 years, followed by a period of multiple

cycles of chemotherapy. However, the tumor still progressed

systemically, and then cryoablation combined with
Frontiers in Immunology 05
immunotherapy at our institution achieved a surprising

outcome that we did not expect, with complete clearance of

tumors of different sizes in the lung, confirming the incredible

synergistic anti-tumor effect between cryoablation and PD-1/

PD-L1 pathway inhibitors.

Unlike thermal ablation, such as radiofrequency ablation

and microwave ablation, cryoablation results in the formation of

large amounts of in situ tumor-associated antigens (TAA),

which can help the body achieve in situ immunity, mainly

through the presentation of Dendritic cells (DC), which induce

the production of tumor-specific CD8+ T lymphocytes in the

draining lymph nodes (12) and stimulate the host immune

system to develop anti-tumor immune effects against primary

and metastatic tumors (9, 13), resulting in the regression of the

primary tumor and distant metastases, an additional effect

known as the “abscopal effect” (14), which was believed to be

the basis for synergistic anti-tumor effects with immunotherapy

(15–17). Kumar et al. performed palliative cryoablation of breast

lesions in a 68-year-old female with lymph node metastases. At

10-month postoperative follow-up, not only was the primary

lesion completely eliminated, but the metastatic lymph nodes

were also significantly reduced, and their metabolic activity was

diminished considerably, demonstrating the “distal effect”

caused by cryoablation (16).

Tumor immunotherapy is a method to control or even

destroy tumors by using antigens, antibodies, vaccines, cells, or

viruses to actively or passively alter the function of the host

immune system and cause the body to generate or enhance the

anti-tumor immune response (18). Immune checkpoint

blockade therapy is currently considered the most promising

immunotherapy approach. Immune checkpoints are molecules
FIGURE 4

Cryoablation of a larger lesion in the upper lobe of the left lung. (A, B) Two probes were placed in different tumor parts, and cryoablation was
performed on the tumor. The mediastinal window visualized the tumor filled with a low-density ice ball. (C, D) The lung window showed a ring-
like increase in lung tissue density around the tumor. (E, F) After the cryoablation was completed, the cryo-probes were removed, and residual
needle tracts were visible.
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on the surface of immune cell membranes that conduct

inhibitory expression signals and protect the body from

intense autoimmune responses under normal conditions. Still,

in the tumor microenvironment, it allows tumor cells to

successfully escape the immune system (19). The most widely

explored immune checkpoint molecules include cytotoxic T

lymphocyte-associated antigen-4 (CTLA-4) and programmed

death receptor-1 (PD-1) (19–22). By blocking the corresponding

signaling pathways, the activation and proliferation of T cells can

be restored, and the body’s anti-tumor immune response can be

enhanced (23). For instance, Wang et al. reported that the

combination of anti-CTLA-4 and anti-PD-1 antibodies

significantly inhibited the proliferation of gastric cancer MKN-

45 and MGC-803 cells, induced apoptosis, and inhibited tumor

cell migration, invasion, and invasion of epithelial-mesenchymal

transformation, demonstrating sound anti-tumor effects (24).

This study treated patients with the PD-1/PD-L1 pathway

inhibitor pembrolizumab, which was used after cryoablation of a

single lesion and demonstrated a strong systemic anti-tumor

immune response. This strongly confirms the currently

promoted hypothesis that cryoablation and PD-1/PD-L1

pathway immune checkpoint inhibitors have potent synergistic

anti-tumor effects. Zhu et al. used PD-1 inhibitors combined

with cryoablation to treat renal cell carcinoma in mice. They

found that the combined treatment inhibited metastatic growth

significantly more than administration of the drug alone or

cryoablation alone and that PD-1 inhibitors had a significantly

enhanced effect on Cryoablation-induced immune response

(including an increased number of CD8+ TIL and increased

mRNA expression levels of INF-g and GZMB) (25). Inhibitors of

the PD-1/PD-L1 pathway are currently the first-line treatment

for non-small cell lung cancer with >50% PD-L1 expression in

tumor tissues and no oncogenic molecular target identified. Still,

in most clinical trials, only about a 20% response rate was

observed, which may be related to the low number of tumor-

infiltrating lymphocytes (TIL) in the tumor microenvironment

(26, 27). The TPS value in PD-L1 expression in the patient’s

tumor tissue in this study was only 5%, which was far from the

criteria for applying PD-L1 inhibitors in the first line. Still, the

application after cryoablation demonstrated a strong anti-tumor

immune response, which directly led to the regression of

multiple tumors in the whole body. Combined with previous

studies, we suggest that it may be related to a cryoablation-

induced increase in PD-L1 expression in distant tumor tissues,

which facilitates antibody binding to PD-L1 in tumor tissues and

activates the body’s anti-tumor immune response. In a recent

animal experiment we are conducting, we also confirmed that

cryoablation induced an increase in PD-L1 expression in distant

tumors. The results of this part of the research are currently

in submission.
Frontiers in Immunology 06
Conclusion

In conclusion, we inspiringly report a case of cryoablation

followed by the application of PD-L1 inhibitor to treat multiple

systemic metastases from ovarian clear cell carcinoma. The

combination of the two miraculously eradicated solid tumors

of different sizes. Although the exact mechanism of action has

not been explored, we have reason to believe that the

combination of cryoablation and immune checkpoint inhibitor

has a powerful synergistic anti-tumor effect, which is yet

confirmed by more basic research and clinical applications in

the upcoming future.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Ethics statement

Written informed consent was obtained from the individual

for the publication of any potentially identifiable images or data

included in this article.
Author contributions

LM, ZZ, and YX conceived and designed the study. LM and

ZZ drafted the entire manuscript. XiaZ and XBZ are responsible

for patient information acquisition and postoperative follow-up.

XX and XH are responsible for imaging and image processing.

YW and XinZ reviewed and revised the manuscript. BW and ZZ

participated in figures and table preparation. YX guided the

article revision. All authors contributed to the article and

approved the submitted version.
Funding

This work was supported by the National Natural Science

Foundation of China (Grant number: 81771944).
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.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1006500
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Meng et al. 10.3389/fimmu.2022.1006500
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Immunology 07
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.
References
1. Takahashi K, Takenaka M, Kawabata A, Yanaihara N, Okamoto A.
Rethinking of treatment strategies and clinical management in ovarian clear cell
carcinoma. Int J Clin Oncol (2020) 25(3):425–31. doi: 10.1007/s10147-020-01625-w

2. 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(3):209–
49. doi: 10.3322/caac.21660

3. Köbel M, Kang EY. The evolution of ovarian carcinoma subclassification.
Cancers (Basel) (2022) 14(2):416. doi: 10.3390/cancers14020416

4. Shoji T, Tatsuki S, Abe M, Tomabechi H, Takatori E, Kaido Y, et al. Novel
therapeutic strategies for refractory ovarian cancers: Clear cell and mucinous
carcinomas. Cancers (Basel) (2021) 13(23):6120. doi: 10.3390/cancers13236120

5. Matulonis UA, Shapira-Frommer R, Santin AD, Lisyanskaya AS, Pignata S,
Vergote I, et al. Antitumor activity and safety of pembrolizumab in patients with
advanced recurrent ovarian cancer: Results from the phase ii keynote-100 study.
Ann Oncol (2019) 30(7):1080–7. doi: 10.1093/annonc/mdz135

6. Korpan NN, Goltsev AN, Dronov OI, Bondarovych MO. Cryoimmunology:
Opportunities and challenges in biomedical science and practice. Cryobiology
(2021) 100:1–11. doi: 10.1016/j.cryobiol.2021.02.005

7. Erinjeri JP, Clark TW. Cryoablation: Mechanism of action and devices. J Vasc
Interv Radiol (2010) 21(8 Suppl):S187–91. doi: 10.1016/j.jvir.2009.12.403

8. Meng L, Zhang X, Xu R, Wu B, Zhang X, Wei Y, et al. A preliminary
comparative study of percutaneous ct-guided cryoablation with surgical resection
for osteoid osteoma. PeerJ (2021) 9. doi: 10.7717/peerj.10724

9. Yakkala C, Denys A, Kandalaft L, Duran R. Cryoablation and
immunotherapy of cancer. Curr Opin Biotechnol (2020) 65:60–4. doi: 10.1016/
j.copbio.2020.01.006

10. Aarts BM, Klompenhouwer EG, Rice SL, Imani F, Baetens T, Bex A, et al.
Cryoablation and immunotherapy: An overview of evidence on its synergy. Insights
Imaging (2019) 10(1):53. doi: 10.1186/s13244-019-0727-5

11. Benzon B, Glavaris SA, Simons BW, Hughes RM, Ghabili K, Mullane P,
et al. Combining immune check-point blockade and cryoablation in an
immunocompetent hormone sensitive murine model of prostate cancer. Prostate
Cancer Prostatic Dis (2018) 21(1):126–36. doi: 10.1038/s41391-018-0035-z

12. Raaijmakers TK, van den Bijgaart RJE, den Brok MH, Wassink M, de Graaf
A, Wagenaars JA, et al. Tumor ablation plus Co-administration of cpg and saponin
adjuvants affects il-1 production and multifunctional T cell numbers in tumor
draining lymph nodes. J Immunotherapy Cancer (2020) 8(1):e000649. doi: 10.1136/
jitc-2020-000649

13. Peng P, Hu H, Liu P, Xu LX. Neoantigen-specific Cd4 T-cell response is
critical for the therapeutic efficacy of cryo-thermal therapy. J Immunotherapy
Cancer (2020) 8(2):e000421. doi: 10.1136/jitc-2019-000421
14. Chen J, Qian W, Mu F, Niu L, Du D, Xu K. The future of cryoablation: An
abscopal effect. Cryobiology (2020) 97:1–4. doi: 10.1016/j.cryobiol.2020.02.010

15. Abdo J, Cornell DL, Mittal SK, Agrawal DK. Immunotherapy plus
cryotherapy: Potential augmented abscopal effect for advanced cancers. Front
Oncol (2018) 8:85. doi: 10.3389/fonc.2018.00085

16. Kumar AV, Patterson SG, Plaza MJ. Abscopal effect following cryoablation
of breast cancer. J Vasc Interv Radiol (2019) 30(3):466–9. doi: 10.1016/
j.jvir.2018.12.004

17. Soule E, BandykM, Matteo J. Percutaneous ablative cryoimmunotherapy for
micrometastaic abscopal effect: No complications. Cryobiology (2018) 82:22–6.
doi: 10.1016/j.cryobiol.2018.04.013

18. Toh HC. Cancer Immunotherapy-the End of the Beginning. Chin Clin
Oncol (2018) 7(2):12. doi: 10.21037/cco.2018.04.03

19. Donisi C, Puzzoni M, Ziranu P, Lai E, Mariani S, Saba G, et al. Immune
checkpoint inhibitors in the treatment of hcc. Front Oncol (2020) 10:601240.
doi: 10.3389/fonc.2020.601240

20. Cantara S, Bertelli E, Occhini R, Regoli M, Brilli L, Pacini F, et al. Blockade of
the programmed death ligand 1 (Pd-L1) as potential therapy for anaplastic thyroid
cancer. Endocrine (2019) 64(1):122–9. doi: 10.1007/s12020-019-01865-5

21. Beavis PA, Henderson MA, Giuffrida L, Davenport AJ, Petley EV, House IG,
et al. Dual pd-1 and ctla-4 checkpoint blockade promotes antitumor immune
responses through Cd4(+)Foxp3(-) cell-mediated modulation of Cd103(+)
dendritic cells. Cancer Immunol Res (2018) 6(9):1069–81. doi: 10.1158/2326-
6066.CIR-18-0291

22. AiErken N, Shi HJ, Zhou Y, Shao N, Zhang J, Shi Y, et al. High pd-L1
expression is closely associated with tumor-infiltrating lymphocytes and leads to
good clinical outcomes in Chinese triple negative breast cancer patients. Int J Biol
Sci (2017) 13(9):1172–9. doi: 10.7150/ijbs.20868

23. Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune
set point. Nature (2017) 541(7637):321–30. doi: 10.1038/nature21349

24. Wang B, Qin L, Ren M, Sun H. Effects of combination of anti-Ctla-4 and
anti-Pd-1 on gastric cancer cells proliferation, apoptosis and metastasis. Cell
Physiol Biochem (2018) 49(1):260–70. doi: 10.1159/000492876

25. Zhu C, Lin S, Liang J, Zhu Y. Pd-1 blockade enhances the anti-tumor
immune response induced by cryoablation in a murine model of renal cell
carcinoma. Cryobiology (2019) 87:86–90. doi: 10.1016/j.cryobiol.2019.01.015

26. Lievense LA, Sterman DH, Cornelissen R, Aerts JG. Checkpoint blockade in
lung cancer and mesothelioma. Am J Respir Crit Care Med (2017) 196(3):274–82.
doi: 10.1164/rccm.201608-1755CI

27. Moon EK, Langer CJ, Albelda SM. The era of checkpoint blockade in lung
cancer: Taking the brakes off the immune system. Ann Am Thorac Soc (2017) 14
(8):1248–60. doi: 10.1513/AnnalsATS.201702-152FR
frontiersin.org

https://doi.org/10.1007/s10147-020-01625-w
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/cancers14020416
https://doi.org/10.3390/cancers13236120
https://doi.org/10.1093/annonc/mdz135
https://doi.org/10.1016/j.cryobiol.2021.02.005
https://doi.org/10.1016/j.jvir.2009.12.403
https://doi.org/10.7717/peerj.10724
https://doi.org/10.1016/j.copbio.2020.01.006
https://doi.org/10.1016/j.copbio.2020.01.006
https://doi.org/10.1186/s13244-019-0727-5
https://doi.org/10.1038/s41391-018-0035-z
https://doi.org/10.1136/jitc-2020-000649
https://doi.org/10.1136/jitc-2020-000649
https://doi.org/10.1136/jitc-2019-000421
https://doi.org/10.1016/j.cryobiol.2020.02.010
https://doi.org/10.3389/fonc.2018.00085
https://doi.org/10.1016/j.jvir.2018.12.004
https://doi.org/10.1016/j.jvir.2018.12.004
https://doi.org/10.1016/j.cryobiol.2018.04.013
https://doi.org/10.21037/cco.2018.04.03
https://doi.org/10.3389/fonc.2020.601240
https://doi.org/10.1007/s12020-019-01865-5
https://doi.org/10.1158/2326-6066.CIR-18-0291
https://doi.org/10.1158/2326-6066.CIR-18-0291
https://doi.org/10.7150/ijbs.20868
https://doi.org/10.1038/nature21349
https://doi.org/10.1159/000492876
https://doi.org/10.1016/j.cryobiol.2019.01.015
https://doi.org/10.1164/rccm.201608-1755CI
https://doi.org/10.1513/AnnalsATS.201702-152FR
https://doi.org/10.3389/fimmu.2022.1006500
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Case report: Local cryoablation combined with pembrolizumab to eliminate lung metastases from ovarian clear cell carcinoma
	Introduction
	Patient description
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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 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


