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Background: Pediatric colorectal carcinoma (PCRC) is a rare non-embryonal

tumor with an incidence of 0.1% to 1% of adults. Immune checkpoint inhibitors

(ICIs) targeting programmed death-1 (PD-1) have shown significant efficacy in

defective mismatch repair/Microsatellite instability-high (dMMR/MSI-H)

metastatic CRC (mCRC). Although several studies have reported neoadjuvant

immunotherapy (NIT) in MSI-H/dMMR non-mCRC patients, not all patients

achieved pathological complete remission (pCR). There are differences

between PCRC and adult colorectal carcinoma (CRC), and the role of NIT in

PCRC remains to be further defined.

Case presentation: We report the case of a 12-year-old child who was

admitted to the hospital with abdominal pain and vomiting for more than 3

months. The child’s diagnosis was difficult and complex. He was initially

diagnosed with intestinal obstruction, eventually diagnosed with a rare PCRC

and identified as locally advanced colorectal cancer (LACRC) with genetic

sequencing results showing MSI-H. After a thorough evaluation by clinicians,

he received 4 cycles of Camrelizumab (anti-PD-1 antibody) + CapeOx

(capecitabine and oxaliplatin) NIT combination chemotherapy. Repeat

imaging and all tumor markers were unremarkable, and R0 resection was

achieved. Postoperative pathology showed a tumor regression grade (TRG) of

0 grade determined as pCR. Postoperative review has not shown any

recurrence or metastasis to date and the prognosis is good.

Conclusion: PCRC should improve the diagnostic efficiency to prevent

misdiagnosis and miss the best time for treatment. NIT and or chemotherapy

can be a reasonable and effective treatment option for dMMR/MSI-H locally

advanced PCRC. Our report provides some support and evidence for
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neoadjuvant immunotherapy for locally advanced PCRC, while highlighting

the importance of preoperative detection of microsatellite status for locally

advanced PCRC.
KEYWORDS
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Introduction

Colorectal cancer (CRC) has the third highest incidence rate

and is the second leading cause of cancer death worldwide (1).

Pediatric colorectal carcinoma (PCRC) is a rare non-embryonal

tumor with an incidence of 0.1% to 1% of adults and accounts

for 1% of all childhood malignancies (2, 3). In recent years, the

lack of appropriate screening mechanisms in children and young

adults has led to a yearly increase in their incidence (4). The

clinical presentation of PCRC is atypical and significantly less

prevalent than in adults, so patients are clinically staged late at

the time of diagnosis. The tissue types of PCRC are mostly

mucinous adenocarcinoma and signet-ring cell carcinoma, the

percentage of PCRC mucinous adenocarcinoma (including

signet-ring carcinoma) is at least twice as high as that of

adults, generally up to 45%-50%, which results in a worse

overall prognosis of PCRC (3, 5).

Although neoadjuvant chemotherapy reduces the local

recurrence rate for patients with LACRC, it is not effective in

improving long-term patient survival (6). In recent years, ICIs have

become an effective treatment for various cancers (7). ICIs regulate

the interaction between T cells, antigen-presenting cells, and tumor

cells to help release the suppressed immune response (8). ICIs can

also provide improved treatment for CRC and may become an

effective treatment for patients with dMMR/MSI-H mCRC (9, 10),

a key determinant of the effectiveness of ICIs treatment is the

patient’s MSI-H status rather than the specific type of cancer (11).

We report a rare case of 12-year-old PCRC combined with

MSI-H, who was initially diagnosed with intestinal obstruction

and had a complex and difficult diagnostic and treatment

history. He achieved PCR after receiving NIT combined with

neoadjuvant chemotherapy, highlighting the positive impact of

preoperative NIT and chemotherapy on PCRC, as well as

providing support for future neoadjuvant combination therapy

for locally advanced PCRC.
Case description

A 12-year-old boy presented to our hospital on November 17,

2020 with intermittent abdominal pain, bloating and occasional
02
vomiting for three months. He had diarrhea 3-4 times a day for

the last 6 months and lost 7 kg. He underwent an abdominal CT

examination at an outside hospital on October 6, 2020, which

showed rectal wall thickening, intestinal wall edema, and partial

intestinal interstitial encapsulated abscess formation, which was

considered inflammatory bowel disease combined with pelvic

effusion. Symptoms were slightly relieved after symptomatic

treatment was given. The child’s abdominal pain was

significantly worse from November 10, 2020, with intermittent

pain of longer duration. On November 17, 2020, he was admitted

to our hospital for general surgery for abdominal pain. The next

day, the child underwent a whole abdominal contrast-enhanced

CT scan, which showed segmental thickening of the superior

rectal and sigmoid walls with a corresponding narrowing of the

intestinal lumen (Figure 1A). The lesion was closely associated

with the left internal iliac vessel and its branches (Figure 1B).

After admission, the child was diagnosed with intestinal

obstruction based on history and various examinations, and did

not improve after one week of conservative treatment.

Colonoscopy showed an irregular mass protruding from the

rectum at 12 cm from the anus, with a congested and eroded

surface, a lot of necrotic tissue, easy bleeding when touched, and

a narrowed circumferential intestinal lumen with resistance to

enter the scope, suggesting rectal occupation and stenosis

(Figure 2A). On December 3, 2020, surgeons performed an

exploratory laparotomy to clarify the diagnosis. Intraoperatively,

thickening of the rectal wall was seen, which was fixed to the left

internal iliac vessels and surrounding tissues and could not be

pushed, so a left colostomy and abdominal drainage was

performed. Intraoperative histopathology was taken to

diagnose a poorly differentiated adenocarcinoma of the rectum

(Figure 2B), and immunohistochemical results showed Ki67

(index ≈ 70%), TP53 (mutant type), and the genetic test done

by the patient at the company showed MSI-H. On December 7,

2020, the pelvic CT-enhanced examination showed segmental

thickening of the upper rectal and sigmoid canal walls with soft

tissue mass formation and narrowing of the corresponding

intestinal lumen, which was consistent with the manifestation

of rectal cancer when combined with pathology.

Based on the child’s diagnosis of MS-H locally advanced

PCRC, clinicians ultimately decided to treat him with NIT in
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combination with chemotherapy. He was admitted to our

general surgery department on January 5, February 1 and

March 3, 2021, and completed 3 cycles of chemotherapy with

Camrelizumab + CapeOx (capecitabine and oxaliplatin) in the

absence of significant myelosuppression. Camrelizumab

regimen was 200 mg every three weeks, oxaliplatin regimen

was 130 mg/m2 and capecitabine regimen was 1000 mg/m2.

CEA: 1.01ng/mL, CA-199: 22.0 U/mL on January 6, 2021. CEA:

0.71ng/mL, CA-199: 8.0 U/mL on February 2, 2021. CEA:

0.76ng/mL, CA-199: 6.1 U/mL on March 4, 2021.

After the child underwent three cycles of neoadjuvant therapy,

the pelvic MRI on March 10, 2021 showed significant

improvement in the thickening of the upper rectal and sigmoid

walls compared to the previous image on December 7, 2020
Frontiers in Immunology 03
(Figure 3A). The pelvic MRI scan on April 7, 2021 showed further

improvement in the upper rectal and sigmoid walls compared to

the previous one (Figure 3B). No significant masses were seen on

imaging review, and the regimen was continued for a fourth cycle

of treatment. The child was admitted to our anorectal surgery

department on May 14, 2021 with CEA: 0.70ng/mL, CA-199: 4.2

U/mL and no contraindication to surgery. On May 25, 2021, he

underwent a colostomy and partial rectal resection under general

anesthesia (Figure 4A). Postoperative pathological diagnosis

showed focal degeneration, necrosis and calcium salt deposition

(Figure 4B), and positive CKp staining of focal necrotic material

was seen in the lymph nodes (7/8), which was determined to be

pCR with TRG 0 grade after treatment. He was admitted to our

anorectal surgery department on June 22, 2021 for review and

further treatment, CEA: 0.78ng/mL, CA-199: 4.2 U/mL. On June

25, 2021, an abdominal enhanced CT showed no significant

abnormalities in the operative area. No significant abnormalities

were seen on the CT scan of the chest. All tests showed no tumor

metastasis or recurrence. The timeline of the patient is

summarized in Figure 5. There were minimal side effects after

immunotherapy and chemotherapy, and he was discharged in

good condition. He was regularly reviewed every three months at

our outpatient clinic and no recurrence was observed.
Discussion

PCRC is a rare non-embryonal tumor. Abdominal pain and

vomiting are the main clinical symptoms of the onset, which lack
FIGURE 1

At baseline (November 2021), contrast-enhanced CT showed
thickening of the wall of the upper rectum and part of the
sigmoid colon with significant narrowing of the intestinal lumen
(A), and the lesion was closely associated with the left iliac
vessels (B).
A B

FIGURE 2

(A) Colonoscopy shows a lesion protruding into the intestinal
lumen with combined intestinal stricture. (B) Preoperative
hematoxylin and eosin staining for the diagnosis of poorly
differentiated adenocarcinoma of the rectum.
FIGURE 3

MRI review in March 2021 after neoadjuvant immunotherapy
combined with chemotherapy showed a significantly smaller
lesion than before (A). MRI review in April 2021 showed a further
smaller lesion than before with no significant thickening (B).
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characteristics. Because of the low incidence and atypical

symptoms, it is difficult for children to accurately describe the

symptoms in their medical history, and it is easy to be

misdiagnosed as colitis, intussusception, etc. at the early stage;

it is easily ignored by non-oncology specialists, resulting in

delayed diagnosis and treatment, and the misdiagnosis rate of

PCRC is as high as 90% (12). The prognosis of PCRC is worse

than that of adults, which is related to the difficulty of early

detection, failure to perform timely screening colonoscopy,

aggressive tumor behavior and distinct histologic and

molecular presentations in children and adolescents with

colorectal cancer (13). It has been found that MSI is about

twice as common in PCRC as in adult CRC, which may be one of

the reasons for the different pathogenesis and prognosis of

sporadic cases in children compared with adults (14). In terms

of clinical treatment, no other studies on PCRC treatment have

been reported worldwide, except for one prospective study on

surgery and radiotherapy regimens (15). To date, no other

studies on PCRC treatment have been reported, and the

treatment of children is still mainly based on adult treatment

guidelines (16). The main treatment modalities include surgery,

adjuvant chemoradiotherapy and targeted therapy.
FIGURE 5

Timeline of the patient’s diagnosis and treatments.
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dMMR/MSI-H is a promising biomarker for PD-1

inhibitor response that is present in 12-15% of all CRC

patients, but only 2% of rectal cancer patients are MSI-H

(17). The principle of NIT is to induce T-cell expansion and

lead to reduced T-cell depletion through elevated levels of

endogenous tumor antigens in the tumor, while killing tumor

cells, promoting preoperative tumor downstaging and

improving resection and pathological remission rates (18).

ICIs are highly effective treatments for patients with mCRC.

Meanwhile a part of clinical trials have been started for NIT in

dMMR/MSI-H non-mCRC patients with good clinical results,

and some of them are still continuing. The single-arm NICHE

study from the Netherlands in 2020 (19), an important study of

NIT, enrolled 40 patients with stage I-III colon cancer and

showed that the dual immune neoadjuvant nivolumab +

ipilimumab regimen is appropriate for NIT in patients with

dMMR non-mCRC. The NICHE study pioneered the use of

NIT in CRC, offering hope for MSI -H/dMMR LACRC patients

offers hope. Several other recently published studies evaluating

the role of ICIs in LACRC have shown high rates of achieving

pCP with NIT in patients with locally advanced dMMR/MSI-H

CRC (20–24). To be sure, it is remarkable that consecutive

series of studies achieved complete or near pathological

response to NIT treatment in all patients. Eventually, larger

prospective studies are also needed to confirm the

generalizability of these findings and their application as a

standard of care.

Although several cases and clinical trials have reported the

surprising efficacy of NIT and or neoadjuvant chemotherapy in

LACRC (20, 22, 25, 26). To our knowledge, there is no report of

achieving cPR after NIT combined with neoadjuvant

chemotherapy in PCRC. The present case is the first report
A B

FIGURE 4

(A) Postoperative general. (B) Postoperative hematoxylin and eosin stain, the arrows indicate necrosis, original magnification × 200.
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of MSI-H PCRC achieving cPR after NIT combined with

neoadjuvant chemotherapy treatment. The diagnosis of this

case was difficult and complex, with an initial diagnosis of

intestinal obstruction, ineffective treatment with symptomatic

conservative therapy, and a final intraoperative pathological

diagnosis of rare PCRC with genetic sequencing results

showing MSI-H. Therefore, clinicians chose to treat him with

4 cycles of NIT combined with chemotherapy Camrelizumab +

CapeOx regimen. After the completion of 4 cycles of treatment,

tumor markers returned to normal, no significant tumor was

seen on imaging, and postoperative cPR was determined to be

R0 resection, indicating that this child benefited from

neoadjuvant combination therapy. This case is partially

instructive for the treatment of dMMR/MSI-H PCRC. First,

MSI detection is important for locally advanced PCRC, and

NIT combined with neoadjuvant chemotherapy can achieve

pCR for this type of PCRC. Second, children with PCRC are

young, and considering the toxic effects of chemotherapeutic

drugs and the existing studies emphasizing the powerful

efficacy of immunotherapy, cPR may also be achieved

preoperatively with NIT only, thus reducing the multiple

chemotherapeutic the toxic effects of multiple chemotherapy

drugs on the children.

PCRC is highly malignant and aggressive, so special

attention should be paid to those children with a familial

tendency. It is important to be alert to symptoms such as

blood in the stool and abdominal pain in children to avoid

misdiagnosis and delay in optimal treatment. PCRC still has

surgical resection of the tumor as the primary treatment and

goal, but early diagnosis and multi-path and multi-method

treatment, especially NIT for dMMR/MSI-H locally advanced

PCRC, can improve survival. The goals of NIT are to improve

tumor response, induce complete pathologic response, simplify

surgery, and cure patients, and such goals also apply to PCRC.

Therefore, we recommend that PCRC should be guided by risk

level classification and molecular typing, leading to the selection

of neoadjuvant therapy. For dMMR/MSI-H locally advanced

PCRC the combination of NIT and or neoadjuvant radiotherapy

is preferred and may be a reasonable choice and promising

treatment strategy.
Conclusion

In summary, PCRC should improve the diagnostic

efficiency to prevent misdiagnosis and miss the best time for

treatment. NIT and or chemotherapy can be a reasonable and

effective treatment option for dMMR/MSI-H locally advanced

PCRC. Our report provides some support and evidence for

neoadjuvant immunotherapy for locally advanced PCRC, while

highlighting the importance of preoperative detection of
Frontiers in Immunology 05
microsatellite status for locally advanced PCRC. Of course,

more research is needed to further confirm the effectiveness of

this strategy.
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding author.
Ethics statement

The studies involving human participants were reviewed and

approved by The 940th Hospital of Joint Logistics Support Force

of Chinese People’s Liberation Army Ethics Committee. Written

informed consent to participate in this study was provided by the

participants’ legal guardian/next of kin. Written informed

consent was obtained from the minor(s)’ legal guardian/next

of kin for the publication of any potentially identifiable images or

data included in this article.
Author contributions

Writing original draft: XC. Supervision: WK. All authors

participated in the revision of the manuscript. All authors have

read and agreed to the published version of the manuscript. All

authors contributed to the article and approved the

submitted version.
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.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.1036181
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Cao et al. 10.3389/fimmu.2022.1036181
References
1. 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

2. Saab R, Furman WL. Epidemiology and management options for colorectal
cancer in children. Paediatr Drugs (2008) 10(3):177–92. doi: 10.2165/00148581-
200810030-00006

3. Poles GC, Clark DE, Mayo SW, Beierle EA, Goldfarb M, Gow KW, et al.
Colorectal carcinoma in pediatric patients: A comparison with adult tumors,
treatment and outcomes from the national cancer database. J Pediatr Surg (2016)
51(7):1061–6. doi: 10.1016/j.jpedsurg.2015.11.005

4. The Lancet O. Colorectal cancer: a disease of the young? Lancet Oncol (2017)
18(4):413. doi: 10.1016/S1470-2045(17)30202-4

5. Hill DA, Furman WL, Billups CA, Riedley SE, Cain AM, Rao BN, et al.
Colorectal carcinoma in childhood and adolescence: a clinicopathologic review. J
Clin Oncol (2007) 25(36):5808–14. doi: 10.1200/JCO.2007.12.6102

6. Foxtrot Collaborative G. Feasibility of preoperative chemotherapy for locally
advanced, operable colon cancer: the pilot phase of a randomised controlled trial.
Lancet Oncol (2012) 13(11):1152–60. doi: 10.1016/S1470-2045(12)70348-0

7. Riley RS, June CH, Langer R, Mitchell MJ. Delivery technologies for cancer
immunotherapy. Nat Rev Drug Discov (2019) 18(3):175–96. doi: 10.1038/s41573-
018-0006-z

8. BagchiS,YuanR,EnglemanEG. Immunecheckpoint inhibitors for the treatment
of cancer:Clinical impact andmechanismsof response andresistance.AnnuRevPathol
(2021) 16:223–49. doi: 10.1146/annurev-pathol-042020-042741

9. Oliveira AF, Bretes L, Furtado I. Review of PD-1/PD-L1 inhibitors in
metastatic dMMR/MSI-h colorectal cancer. Front Oncol (2019) 9:396.
doi: 10.3389/fonc.2019.00396

10. Ganesh K, Stadler ZK, Cercek A, Mendelsohn RB, Shia J, Segal NH, et al.
Immunotherapy in colorectal cancer: Rationale, challenges and potential. Nat Rev
Gastroenterol Hepatol (2019) 16(6):361–75. doi: 10.1038/s41575-019-0126-x

11. 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. Sci
(New York NY) (2017) 357(6349):409–13. doi: 10.1126/science.aan6733

12. Sultan I, Rodriguez-Galindo C, El-Taani H, Pastore G, Casanova M, Gallino
G, et al. Distinct features of colorectal cancer in children and adolescents: a
population-based study of 159 cases. Cancer (2010) 116(3):758–65. doi: 10.1002/
cncr.24777

13. Cortez-Pinto J, Claro I, Francisco I, Lage P, Filipe B, Rodrigues P, et al.
Pediatric colorectal cancer: A heterogenous entity. J Pediatr Hematol Oncol (2020)
42(2):131–5. doi: 10.1097/MPH.0000000000001526

14. Weber ML, Schneider DT, Offenmüller S, Kaatsch P, Einsiedel HG, Benesch
M, et al. Pediatric colorectal carcinoma is associated with excellent outcome in the
context of cancer predisposition syndromes. Pediatr Blood Cancer (2016) 63
(4):611–7. doi: 10.1002/pbc.25839
Frontiers in Immunology 06
15. Pratt CB, Rao BN, Merchant TE, Shah A, Avery L, Cain A, et al. Treatment
of colorectal carcinoma in adolescents and young adults with surgery, 5-
fluorouracil/leucovorin/interferon-alpha 2a and radiation therapy. Med Pediatr
Oncol (1999) 32(6):459–60. doi: 10.1002/(sici)1096-911x(199906)32:6<459::aid-
mpo17>3.0.co;2-i

16. Mathey MD, Pennella CL, Zubizarreta P. Colorectal carcinoma in children
and adolescents. Arch Argent Pediatr (2021) 119(5):e487–e98. doi: 10.5546/
aap.2021.eng.e487

17. Overman MJ, McDermott R, Leach JL, Lonardi S, Lenz H-J, Morse MA,
et al. Nivolumab in patients with metastatic DNA mismatch repair-deficient or
microsatellite instability-high colorectal cancer (CheckMate 142): an open-label,
multicentre, phase 2 study. Lancet Oncol (2017) 18(9):1182–91. doi: 10.1016/
S1470-2045(17)30422-9

18. Topalian SL, Taube JM, Pardoll DM. Neoadjuvant checkpoint blockade for
cancer immunotherapy. Sci (New York NY) (2020) 367(6477):eaax0182.
doi: 10.1126/science.aax0182

19. Chalabi M, Fanchi LF, Dijkstra KK, Van den Berg JG, Aalbers AG, Sikorska
K, et al. Neoadjuvant immunotherapy leads to pathological responses in MMR-
proficient and MMR-deficient early-stage colon cancers. Nat Med (2020) 26
(4):566–76. doi: 10.1038/s41591-020-0805-8

20. Kothari A, White MG, Peacock O, Kaur H, Palmquist SM, You N, et al.
Pathological response following neoadjuvant immunotherapy in mismatch repair-
deficient/microsatellite instability-high locally advanced, non-metastatic colorectal
cancer. Br J Surg (2022) 109(6):489–92. doi: 10.1093/bjs/znac050

21. Coutzac C, Bibeau F, Ben Abdelghani M, Aparicio T, Cohen R, Coquan E,
et al. Immunotherapy in MSI/dMMR tumors in the perioperative setting: The
IMHOTEP trial. Dig Liver Dis (2022) 54(10):1335–41. doi: 10.1016/j.dld.2022.07.008

22. Zhang Z, Cheng S, Gong J, Lu M, Zhou J, Zhang X, et al. Efficacy and safety
of neoadjuvant immunotherapy in patients with microsatellite instability-high
gastrointestinal malignancies: A case series. Eur J Surg Oncol (2020) 46(10 Pt B):
e33–e9. doi: 10.1016/j.ejso.2020.06.034

23. Rahma OE, Yothers G, Hong TS, Russell MM, You YN, Parker W, et al. Use
of total neoadjuvant therapy for locally advanced rectal cancer: Initial results from
the pembrolizumab arm of a phase 2 randomized clinical trial. JAMA Oncol (2021)
7(8):1225–30. doi: 10.1001/jamaoncol.2021.1683

24. Zhang J, Cai J, Deng Y, Wang H. Complete response in patients with locally
advanced rectal cancer after neoadjuvant treatment with nivolumab.
Oncoimmunology (2019) 8(12):e1663108. doi: 10.1080/2162402X.2019.1663108

25. Zhang X, Wu T, Cai X, Dong J, Xia C, Zhou Y, et al. Neoadjuvant
immunotherapy for MSI-H/dMMR locally advanced colorectal cancer: New
strategies and unveiled opportunities. Front In Immunol (2022) 13:795972.
doi: 10.3389/fimmu.2022.795972

26. Trojan J, Stintzing S, Haase O, Koch C, Ziegler P, Demes M, et al. Complete
pathological response after neoadjuvant short-course immunotherapy with
ipilimumab and nivolumab in locally advanced MSI-H/dMMR rectal cancer.
Oncologist (2021) 26(12):e2110–4. doi: 10.1002/onco.13955
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.2165/00148581-200810030-00006
https://doi.org/10.2165/00148581-200810030-00006
https://doi.org/10.1016/j.jpedsurg.2015.11.005
https://doi.org/10.1016/S1470-2045(17)30202-4
https://doi.org/10.1200/JCO.2007.12.6102
https://doi.org/10.1016/S1470-2045(12)70348-0
https://doi.org/10.1038/s41573-018-0006-z
https://doi.org/10.1038/s41573-018-0006-z
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.3389/fonc.2019.00396
https://doi.org/10.1038/s41575-019-0126-x
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1002/cncr.24777
https://doi.org/10.1002/cncr.24777
https://doi.org/10.1097/MPH.0000000000001526
https://doi.org/10.1002/pbc.25839
https://doi.org/10.1002/(sici)1096-911x(199906)32:6%3C459::aid-mpo17>3.0.co;2-i
https://doi.org/10.1002/(sici)1096-911x(199906)32:6%3C459::aid-mpo17>3.0.co;2-i
https://doi.org/10.5546/aap.2021.eng.e487
https://doi.org/10.5546/aap.2021.eng.e487
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1016/S1470-2045(17)30422-9
https://doi.org/10.1126/science.aax0182
https://doi.org/10.1038/s41591-020-0805-8
https://doi.org/10.1093/bjs/znac050
https://doi.org/10.1016/j.dld.2022.07.008
https://doi.org/10.1016/j.ejso.2020.06.034
https://doi.org/10.1001/jamaoncol.2021.1683
https://doi.org/10.1080/2162402X.2019.1663108
https://doi.org/10.3389/fimmu.2022.795972
https://doi.org/10.1002/onco.13955
https://doi.org/10.3389/fimmu.2022.1036181
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Pathological complete response after neoadjuvant immunotherapy combined with chemotherapy in pediatric rectal carcinoma: A case report
	Introduction
	Case description
	Discussion
	Conclusion
	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 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


