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Anti-programmed cell death protein 1 (PD-1) therapy has demonstrated notable

efficacy in treating patients with deficient mismatch repair/high microsatellite

instability (dMMR/MSI-H) metastatic colorectal cancer (mCRC). However, its

clinical application is fraught with challenges and can lead to significant

immune-related adverse events (ir-AEs). In this report, we present a

complicated case of an mCRC patient with MSI-H and mutations in b2M and

LRP1B proteins, complicated by concurrent bacteremia and liver fluke infection,

who received first-line anti-PD1 therapy. The patient exhibited a positive

response to anti-PD1 treatment, even in the presence of concomitant

antibiotic and anti-parasitic interventions. Additionally, the patient experienced

immunotherapy-related autoimmune hemolytic anemia (ir-AIHA), a rare

hematological ir-AE, which was effectively treated later on. Immunotherapy

represents a pivotal and highly effective approach to tumor treatment. Baseline

assessment of the MMR and MSI status is a crucial step before initiating

immunotherapy, and regular ongoing assessments during the treatment

course can facilitate early recognition of any secondary complications,

enabling prompt intervention and ensuring optimal therapeutic outcomes.

Overall, a multidisciplinary diagnostic and therapeutic algorithm can help

maximize the therapeutic benefits of immunotherapy.
KEYWORDS
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1 Introduction

Colorectal carcinoma (CRC) is the third leading cancer in the

world, with high mortality and morbidity rates (1), since about one-

quarter of CRC cases are usually diagnostically confirmed in their

advanced stages (2). For metastatic CRC (mCRC) patients, improving

the overall survival (OS) and quality of life (QoL) are the primary

therapeutic objectives. Currently, chemotherapy, targeted drugs and

immuntherapy are the mainstream treatment options for these

patients (3). Recent studies have unveiled that mCRC patients with

pathologic hallmarks of deficient mismatch repair or high

microsatellite instability are most likely to respond positively to

immunotherapies (4). Pembrolizumab, a potential inhibitor of

programmed death-1 (PD-1), has been approved by the US Food

and Drug Administration (FDA) for this subtype of mCRC patients

(5). Nevertheless, clinical conditions of mCRC patients tends to be

intricate, often complicated by various factors such as intestinal

obstruction, systemic infections, and malnutrition. Inevitably, these

complexities significantly impact the treatment efficacy and

outcomes, especially in immunotherapy. In the case report, we

present the clinical findings of an mCRC patient with MSI-H and

mutations in Beta 2-microglubulin (b2M) and lipoprotein receptor-

related protein 1B (LRP1B), who was concomitantly treated for

bacteremia and liver fluke infection. This patient exhibited a

positive response to anti-PD1 therapy. Additionally this patient

encountered a rare hematological adverse event called

immunotherapy-related autoimmune hemolytic anemia (ir-AIHA),

which was effectively treated later on.
2 Case presentation

The patient is 51 years old, middle-aged female, professional

senior management, no prior history of chronic diseases and no

family history of tumor. She underwent a laparoscopic radical

resection of right colon on July 3rd, 2020. The postoperative

pathological findings revealed aggressive ulcerative moderately

differentiated adenocarcinoma in the colon. The pathological stage

was Stage IIC (T4bN0M0) based on the American Joint Committee

on Cancer, 8th Edition. Immunohistochemistry (IHC) results were

as follows: MLH1(+), PMS-2(+), MSH-2(+), MSH-6(+), PD-L1(-),

suggesting mismatch repair proficient (pMMR). Next-generation

sequencing (NGS) analysis detected MSI-H, tumor mutation load

(TMB) of 17.06 mutations/Mb, and wild-type status for BRAF/

NRAS/KRAS, with mutations in b2M and LRP1B. Postoperatively,

she received six cycles of the XELOX regimen (capecitabine plus

oxaliplatin) from August to December 2020. I.

In December 2021, she experienced tumor recurrence and

metastasis, leading to duodenal obstruction, right hydronephrosis,

and severe malnutrition. (Figures 1A–C, 2A, B). After the

multidisciplinary treatment team(MDT) discussion, the patient

was successfully inserted a nasojejunal nutrition tube by

interventional radiology doctors to improve the nutritional status

on January 26, 2022. Subsequently, enteral nutrition combined with

parenteral nutrition support therapy was provided to the patient.

Due to right ureteral metastasis-associated hydronephrosis, a right
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ureteral stent implantation procedure was performed by urologists

on January 27, 2022. Following symptomatic treatments, the

patient’s overall health condition was improved, with relief from

vomiting and nausea symptoms.

Given her high MSI and TMB and inability to tolerate systemic

chemotherapy, the pembrolizumab treatment was initiated on

February 9, 2022. Afterward, she complained of sudden chills,

high febrile temperature, and significantly increased levels of C-

reactive protein (CRP), procalcin (PCT), and interleukin-6 (IL-6).

In February 2022, the patient developed bacteremia and blood

culture confirmed Enterococcus faecalis infection. Cefoperazone

and sulbactam were administered for anti-infective treatment and

probiotics were supplemented to reduce the impact of antibiotics

on ICIs.

Subsequently, the patient was found to have clonorchis sinensis

infection in a stool examination, and was treated with oral

praziquantel. From April 2022, the patient continued to receive

immunotherapy of pembrolizumab. After four cycles, a follow-up

CT scan showed a reduction in duodenal lesions, retroperitoneal

metastatic lymph nodes, and liver lesions (Figures 1D–F).

Electronic gastroduodenoscopy revealed improvement in the

duodenal descending segment stenosis (Figures 2C, D) and the

naso-jejunal feeding tube was removed.

In February 2023, the patient’s hemoglobin (Hb) level dropped

to 43 g/L, accompanied by dizziness and fatigue. Routine blood

analysis revealed a significant increase in reticulocyte count (206.7 x

10^9/L) and reticulocyte ratio (0.10310). Additionally, the serum

lactate dehydrogenase (LDH) level significantly increased to 486 U/

L. Bone marrow (BM) aspiration analysis confirmed hemolytic

anemia and the presence of spherocytes on peripheral blood

smears (Figures 3A–E). Gastroscopy identified a stricture in the

descending duodenum. Colonoscopy results showed mucosal edema

and ulceration of the small intestine (Figure 2E), with biopsy

revealing adenocarcinoma. IHC displayed MLH1 (+), PMS-2 (-),

MSH-2 (+), and MSH-6 (+). The patient was diagnosed with ir

AIHA, a rare hematological immune-related adverse event.

Consequently, anti-PD1 therapy was ceased, and the patient

received red blood cell (RBC) transfusions and intravenous

methylprednisolone at 2 mg/kg per day. Post-treatment, her Hb

level rebounded to 100 g/L. However, due to the severe toxicity of

pembrolizumab, the patient discontinued anti-PD1 immunotherapy

and underwent FOLFOX and TAS102 chemotherapy successively.

Nonetheless, due to severe gastrointestinal adverse reactions, the

patient discontinued these treatments in June 2023 and was treated

with best supportive care from June to October 2023.
3 Discussion

The mCRC with dMMR/MSI-H is a highly immunogenic

tumor subtype with unique pathological features such as right-

sided primary, mucinous, poorly differentiated tumors and higher

incidences of BRAF mutations (6). MSI-H accounts for about 15%

of all CRCs and about 5% of stage IV cases (7). In patients with stage

IV CRC, MSI status is a useful screening indicator for identifying

suitable cancer patients for immune checkpoint inhibitor (ICI)
frontiersin.org
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therapy. ICIs have shown significant efficacy in MSI-H/dMMR

CRC patients (8). Keynote 177 study showed that anti-PD1

antibody was superior to chemotherapy in terms of response rate

and pathology-free survival (PFS) outcomes in first-line treatment

of MSI-H CRC. Following that, pembrolizumab was recently

approved by the FDA as a first-line treatment for mCRC

management (9). Nivolumab plus ipilimumab also provided

robust and durable clinical benefit in patients with MSI-H/dMMR

mCRC (10). But the potential benefits of ICIs are limited to patients

with MSI-H/dMMR, drug resistance and adverse events have

hampered the therapeutic application of ICIs (11). MSI status not

only be predicted by IHC analysis of MMR protein but also by

polymerase chain reaction (PCR) or NGS. There may be

inconsistent results between MMR-IHC and MSI by NGS. In the
Frontiers in Oncology 03
event of discordant results, pathologists should interpret any

evidence of MMR deficiency by IHC or MSI by NGS or PCR as a

positive result for patients to be eligible for immune checkpoint

inhibitor therapy (12). Presently, only a small number of mCRC

patients benefit from immunotherapy, so predictive markers are

urgently needed to screen and expand the beneficiaries. Key

molecular markers such as MMR, MSI, TMB, and levels of PD-L1

and DNA polymerase epsilon (POLE)/DNA polymerase delta 1

(POLD1) have demonstrated good predictive effects on the efficacy

of immunotherapy for mCRC patients. In the NGS report of this

patient, mutations in b2M and LRP1B had also been identified.

b2M is the main component of major histocompatibility complex I

(MHC-I), which is involved in antigen presentation and T-cell

activation (13). It’s been shown that b2Mmutation can lead to poor
B

C D

E F

A

FIGURE 1

The CT examination findings. (A–C) CT images in January 2022. (A) The metastasis invaded the duodenum and right ureter, resulting in right
hydronephrosis. (B) Multiple low-density lesions in the liver which were considered to be metastatic in nature. (C) Metastasis in the retroperitoneal
lymph node. (D–F) CT images in April 2022 after 4 cycles of immunotherapy. (D) Duodenal lesions were significantly reduced and hydronephrosis
was relieved. (E) The number of liver lesions was reduced. (F) Metastasis in the retroperitoneal lymph node was reduced.
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treatment outcomes in cancer immunotherapy, due to inhibition of

antigen presentation (14). The latest findings suggest that TMB can

be significantly increased in mCRC patients with MSI-H/dMMR

tumors due to b2M mutation, which in turn might improve

response to anti-PD1 therapy (15, 16). Patients with LRP1B

mutations exhibit higher TMB scores (17) and are associated with

improved outcomes of cancer immunotherapy (18). LRP1B

mutation can facilitate immune cell infiltration and immune gene
Frontiers in Oncology 04
expressions in the tumor microenvironment (TME) (19). So, an

accurate determination of MSI and MMR status is critical before

embarking on immunotherapy. In this case, while IHC indicated

pMMR, NGS analysis revealed MSI-H, TMB-H, and mutations in

b2M and LRP1B, suggesting her potential benefit from anti-PD1

therapy, which indeed elicited a positive response.

During immunotherapy, the patient’s advanced CRC, low

immunity, intestinal obstruction, and imbalance of intestinal flora
FIGURE 2

Gastroduodenoscopy examination findings. (A, B) Proliferative lesions and intestinal stenosis of duodenum on January 24, 2022. (C, D) Stenosis of
the duodenal descending part was improved after 4 cycles of immunotherapy in April 2022. (E) Edema and ulcerative lesions in intestinal mucosa on
March 2, 2023.
frontiersin.org

https://doi.org/10.3389/fonc.2024.1407312
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Pei et al. 10.3389/fonc.2024.1407312
led to damage to the intestinal epithelial barrier function, resulting in

translocation of intestinal flora and bacteremia. The patient inevitably

received antibiotic treatment. Some recent studies have shown that

antibiotics can reduce the survival and response to ICIs in patients

with advanced-stage solid tumors (20–22). Additionally, a recent

study has demonstrated a strong association between antibiotics and

worsened OS and PFS in cancer patients undergoing ICIs

immunotherapy, particularly within the 60 days preceding the

initiation of ICI and the following 30 days (23). However, several

studies have also reported that oral Bifidobacterium supplementation
Frontiers in Oncology 05
can enhance dendritic cell maturation, increase tumor-specific CD8+

T-cell responses in the TME, and restore the antitumor efficacy of PD-

L1 blocking (24). In addition to bifidobacterium, enterococcus and

faecalibacterium may also play a role as an immune adjuvant in ICI

immunotherapy (25, 26). As a result, this patient received probiotic

treatment which not only restored balance to the intestinal flora but

also mitigated the potential impacts of antibiotics on ICIs. Recently,

clinical trials are focusing on the critical role of the microbiome in

cancer research. Emerging evidence suggests that the diversity of gut

microbiome can influence anti-tumor immunity, and predict
FIGURE 3

(A) Representative image shows the presence of spherical cells on peripheral blood smears. (B) Cabot ring in the bone marrow; (C) Nuclear egress in
the bone marrow; (D) Trinuclear erythrocyte in the bone marrow; (E) Stippling erythrocyte in the bone marrow.
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treatment efficacy and toxicity level of ICI immunotherapy (27, 28).

The diversity and composition of the gut microbiota are positively

associated with anti-PD-1 treatment responses in melanoma patients,

as well (29). The study of Mirji demonstrates that microbial

metabolites can enable tumor-associated macrophage (TAM) to

become immunogenic and promote effector T-cell activity,

transforming the TME to an immune-activated state (30). Tanoue

et al. isolated a consortium of 11 bacterial strains from fecal samples of

healthy human donors that could strongly induce interferon-g(IFN-
g)-producing CD8+ T-cells in the gut and enhance the therapeutic

efficacy of ICIs in genotypic tumor models (31). The findings of Xu

have also confirmed that changes in the gut microbiome can lead to

the modulation of glycerophospholipid metabolism, which may affect

the expression of immune-related cytokines like IFN-g and IL-2 in the
TME, resulting in a different therapeutic effect of anti-PD-1 antibody

(32). Therefore, gut microbiota-based tumor immunotherapy can be a

promising and effective approach to cancer therapy in the future.

In addition to the primary condition, the patient also suffered

from a parasitic liver fluke infection. Due to a compromised immune

state, most cancer patients are at an elevated risk of parasitic and

microbial infections (33). Parasitic infections not only cause

infectious diseases but also may induce tumorigenesis (34). The

WHO’s International Agency for Research on Cancer has classified

liver fluke as a Group I carcinogen for cholangiocarcinoma (35). The

typical imaging findings of liver flukes are multiple, ill-defined,

fleeting hypodense or hypoechoic areas in the liver (36). Presently,

the detection of liver fluke eggs in fecal samples using microscopic

examination, PCR-based assays, and fluke antigen detection is still

the primary diagnosis for liver fluke infections (37). Clinical

treatment mainly relies on drug therapy, with common

medications including albendazole, praziquantel and so on.

Albendazole can also inhibit tumor growth in vitro and in vivo

(38). It can inhibit tubulin polymerization and the production of

vascular endothelial growth factor (VEGF), promoting apoptosis of

tumor cells via oxidative stress and DNA breakage (39, 40). To date,

albendazole has been repositioned as a promising anticancer drug.

However, studies have revealed that parasitic infections may have

antagonistic effects on tumor growth by overcome cancer

immunosuppressive microenvironment (41). The effects of

parasites on tumors may include inducing apoptosis, activating
Frontiers in Oncology 06
immune responses, avoiding metastasis and angiogenesis, inhibiting

proliferation signals, and regulating inflammatory responses that

promote cancer (42). Therefore, parasites or their antigens have the

potential to be used as anti-cancer therapeutics (43). Following the

anti-parasitic treatment, we found that CD4+ and CD4+/CD8+ T-

cells were significantly increased in the peripheral blood, while the

CD4+/CD25+ regulatory T-cell population was significantly

decreased. We speculated that dead fluke-secreted antigens might

stimulate the proliferation and differentiation of CD4+ T-cells,

simultaneously reducing the regulatory T-cell infiltration, which

modulated the TME and was conducive to tumor control possibly.

Although the patient responded well to the immunotherapy, she

also experienced severe ir-AE. The frequency of hematological ir-AEs

caused by ICIs is 3.6% for all grades and 0.7% for Grades III-IV, but

the mortality rate is close to 14% (44). Usually, the hematological

irAEs mainly appeared as immune thrombocytopenia, pancytopenia

or aplastic anemia, neutropenia, AIHA, bicytopenia, pure red cell

aplasia (PRCA), and cytokine release syndrome (45). The occurrence

time of hem-irAEs is around 0.9–198.0 weeks and the median time to

onset is about 10.1 weeks (46). The ir-AIHA symptoms are defined

according to the criteria defined by Leaf et al.:1) Sudden decrease in

hemoglobin by greater than 2g/dL; 2) at least two Laboratory features

of hemolysis (elevated serum lactate dehydrogenase; increased

reticulocyte percentage or absolute count; low or undetectable

serum haptoglobin; the presence of spherical cells on peripheral

blood smears); 3) AIHA occurs after ICIs initiation; 4) exclusion of

other causes of anemia; 5)ICIs treatment is considered to be the most

likely cause of AIHA (47). A bone marrow aspiration examination can

help rule out the possibility of tumor cell infiltration into the bone

marrow. ICIs therapy should be discontinued for Grades 3–4 toxicities

with the initiation of high-dose corticosteroids (prednisone 1–2mg/kg/

d) and RBC transfusion. The addition of immunosuppressive drugs

such as rituximab and intravenous immunoglobulin can be taken into

account if no improvement is observed in initial treatments (48, 49).

As the risk of recurrence of irAEs after ICIs rechallenge, the

rechallenge should be carefully considered. The patient was

diagnosed ir-AIHA according to the diagnostic criteria and her

symptoms were improved after treatment of prednisone and RBC

transfusions. Although the incidence of Hem-irAEs is relatively low,

the associated mortality rate can be significantly high. With increasing
FIGURE 4

Timeline.
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clinical applications of ICIs, heightened awareness of this potentially

severe and life-threatening autoimmune complication is essential.

Prompt detection and appropriate management can lead to

favorable outcomes in such cases.

Before treatment, we confirmed that the patient wasMSI-H through

comprehensive testing, who was a beneficiary of immunotherapy, and

the tumor was effectively controlled during the initial phase of treatment.

Throughout the treatment process of this patient, anMDT comprising of

experts in medical oncology, surgical oncology, gastroenterology,

interventional surgery, urology, nutrition, infection, hematology,

infectious diseases, pharmacy, pathology, imaging, and clinical

laboratory collaborated to formulate an effective and personalized

treatment plan to improve the patient’s QoL. Unfortunately, due to

serious adverse events, we did not try immunotherapy again, and the

patient could not tolerate chemotherapy in the later stage, resulting in

tumor progression (Figure 4). So in the process of tumor treatment, we

need to further identify and establish predictive indicators for the efficacy

and adverse events of ICIs.
4 Conclusion

Tumor immunotherapy stands as a pivotal and effective approach to

cancer treatments. Nonetheless, its clinical application has been challenged

by uncertain efficacy, intricate complications, and potentially severe

adverse reactions. To address these complexities, several key

considerations need to be implemented urgently. First, the

determination of MSI and MMR status is critical before embarking on

immunotherapy. In cases where IHC indicates proficient MMR, it is

strongly advisable to employNGS for a comprehensive assessment ofMSI

and TMB status. This aids in identifying the most suitable candidates for

immunotherapy. Second, conducting a thorough baseline evaluation of

patients before commencing immunotherapy is imperative. Furthermore,

the implementation of regular monitoring for various related therapies

throughout the treatment course is essential for early detection and timely

intervention in cases of abnormal or unprecedented outcomes. Finally, the

MDT facilitates a collaborative and holistic approach to patient care and

can be tailored to individual patient-specific needs. MDT plays a pivotal

role in the management of CRC and provides more precise, efficient, and

safe care to achieve maximum benefits for patients grappling with

advanced stages of the disease.
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