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Objective

This study aims to explore the impact of different dosing sequences on the occurrence of adverse events (AEs) when PD-1 inhibitors are combined with chemotherapy, so as to provide a basis for optimising clinical medication regimens.





Methods

Retrospective cohort study and retrospective analysis were conducted on 400 cases of tumour patients who received PD-1 inhibitors combined with chemotherapy in a specialised oncology hospital from January to December 2024. They were divided into two groups according to the dosing sequence: 200 cases in the post-chemotherapy group (PD-1 inhibitors administered first followed by chemotherapy) and 200 cases in the pre-chemotherapy group (chemotherapy administered first followed by PD-1 inhibitors). The baseline characteristics, incidence, types and grades of adverse events in the two groups were counted, and the differences between the groups were compared.





Results

Among the 400 patients, males accounted for 63.5%, people aged 40–69 accounted for 72.5%, and the main diseases were lung cancer (28.5%), hepatocellular carcinoma (15.0%) and gastric cancer (10.5%). The total incidence of adverse events was 65.0%, among which the incidence of adverse events in the pre-chemotherapy group (75.0%) was significantly higher than that in the post-chemotherapy group, and the difference was statistically significant (P<0.05). The main types of adverse events were haematological toxicity (22.25%), hepatotoxicity (21.25%) and dermatotoxicity (13.5%). There was no statistically significant difference in the incidence of the same type of adverse events between the two groups (P>0.05). The toxicity grading was mainly G1-G2 (316 cases, 79.0%), and G3 and above accounted for 11.5%. There was no significant difference in the grading distribution between the two groups (P>0.05).





Conclusion


The dosing sequence of PD-1 inhibitors combined with chemotherapy is closely related to the occurrence of adverse events. Administering PD-1 inhibitors first can reduce the risk of adverse events, and the choice of dosing sequence should be paid attention to in clinical practice.
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1 Introduction

At present, programmed cell death receptor-1 (PD-1) signalling pathway has become a target of tumour immunotherapy, which is an important direction of immunotherapy in recent years (1). In order to improve antitumour efficacy and delay drug resistance, combination therapy has become a mainstream trend (2). Combination drugs may have an impact on efficacy and toxicity due to drug-drug interactions or cycle-specificity of drug action, and thus generally have a fixed order of administration (3). In immunotherapy combination chemotherapy regimens, PD-1 inhibitors can enhance immune activity and inhibit the binding of PD-1 to PD-L1, and the immune cells activated non-specifically will attack normal cells while fighting against tumour cells, which will lead to immune-related adverse events in the body, which are mostly manifested as endocrine disorders, skin toxicity and gastrointestinal tract reactions etc. (4, 5). Although the four PD-1 inhibitors, pabolizumab, tirilizumab, sindilizumab and karelizumab, as mention in the drug insert, PD-1 inhibitor must be used before the chemotherapeutic agent, most clinicians in the real world do not strictly follow the order of administration required by the insert.

In this paper, we used retrospective analysis to investigate the occurrence of AEs in patients treated with PD-1 inhibitor combination chemotherapy regimens in a hospital in 1˜December 2024, to explore the effect of dosing order on AEs, and to provide clues for optimising the best dosing regimen by adjusting the order of dosing when immunotherapy is combined with chemotherapy, to reduce adverse events, and to promote the rational use of medication in clinics.




2 Information and methods



2.1 Sources of cases

A retrospective analysis was used to collect PD-1 inhibitors used in a specialised oncology hospital in January˜December 2024, and a total of seven PD-1 inhibitors were involved in the study, namely, pabolizumab injection (Hangzhou Merck Sharp & Dohme Pharmaceuticals Co., Ltd, specification: 4 ml/100 mg, batch no.: X007115), nabulizumab injection (Bristol-Myers Squibb Pharma EEIG, specification: 4ml/40mg, 10ml/100mg, batch number: ACH6876, ACF3167), Sindelizumab Injection (Xindal Biopharmaceutical Co., Ltd., specification: 10ml:100mg, batch number: DP2307004), Teraplizumab Injection (Ltd, specification: 6ml/240mg, batch no.: 202309058A), tirilizumab injection (Bazishenshu Shanghai Biotechnology Co., Ltd, specification: 10ml/100mg, batch no.: G202304112), carilizumab for injection (Suzhou Shengdia Bio-pharmaceutical Co., Ltd, specification: 200mg/vial, batch number: 202312033F) and srulizumab injection (Shanghai Fuhong Hanlin Bio-Pharmaceutical Co., Ltd, specification: 100mg/vial, batch number: 202312205) in combination with chemotherapy treatment for a total of 400 cases of tumour patients. Among them, 200 cases were treated with PD-1 inhibitor followed by chemotherapy (hereinafter referred to as the “post-chemotherapy group”), and 200 cases were treated with chemotherapy followed by PD-1 inhibitor (hereinafter referred to as the “pre-chemotherapy group”). It is worth noting that three other PD-1 inhibitors approved by the State Drug Administration of China (Separizumab, Putilizumab and Pavelvelizumab) were not yet used in clinical treatment during the study period.




2.2 Case entry criteria



2.2.1 Inclusion criteria

(1) Patients diagnosed with malignant tumours, as there are many types of cancer involved, the judgement of the clinician who records the case shall prevail; (2) patients receiving at least one cycle of PD-1 inhibitor combination chemotherapy regimen; (3) a fixed order of medication; (4) complete results of laboratory tests such as blood routine, liver function and renal function before and after the treatment, and complete medical record data.

All patients have comparable physical condition, comorbidities, and previous treatments.




2.2.2 Exclusion criteria

(1) Patients with immune-related underlying diseases, including post-transplantation patients; (2) women during pregnancy; (3) patients with non-small cell carcinoma who are positive for driver gene mutation; (4) patients who have received live vaccines during treatment.





2.3 Survey items

The general information (age, gender, diagnosis, department of consultation, etc.), medication information (name of drug, combined drug regimen, order of medication, etc.), and occurrence of AEs (signs and symptoms, toxicity grading, etc.) of the enrolled cases were accessed in the hospital information system (HIS), and the above information was recorded in Microsoft Excel software. Double checking was used to ensure the accuracy, authenticity and standardisation of the data.




2.4 AEs assessment criteria

Adverse events that were recorded in the medical records were collected and excluded those caused only by chemotherapy. Evaluate the association of adverse events with PD-1 inhibitors according to the relevant provisions in the “Management Methods for Reporting and Monitoring of Adverse Drug Reactions” (6) and exclude adverse events with an unlikely rating. Type rating and toxicity grading of AEs were performed using the “Management of adverse events and Toxicity of Immune Checkpoint Inhibitors in Oncology Therapy” (7) and the “Guidelines for the Management of Toxicity Associated with Immunocheckpoint Inhibitors (2024)” (8) issued by the CSCO as the criteria for reviewing the physician’s judgement of the adverse events.

The types of AEs included 14 types of skin toxicity, endocrine toxicity, cardiotoxicity, and malaise, and were classified into five grades based on toxicity: G1: mild toxicity; G2: moderate toxicity; G3: severe toxicity; G4: life-threatening toxicity; and G5: toxicity-related death, which corresponds to the Common Terminology Criteria for the Classification of Common Adverse Events (CTCAE_4.03), which was developed by the Cancer Research Institute of the National Institutes of Health (USA) for grading of adverse events.




2.5 Statistical analysis

SPSS software was applied for data processing, and the count data were expressed as the number of cases and percentages, and comparisons were made using the χ2test. It indicated that the difference was statistically significant.





3 Results



3.1 General conditions of patients

The data of 200 patients treated with PD-1 inhibitors combined with chemotherapy are shown in Table 1. The patients were predominantly male (63.5%), their ages were concentrated in the range of 40–69 years old (72.5%), and the diseases they suffered from were mainly lung cancer (28.5%), hepatocellular carcinoma (15.0%), and gastric cancer (10.5%). By calculating the p-values, the baseline table was generated. (Table 2) The data showed a statistically significant difference in the distribution of tumour types between the two groups (P < 0.001). For other variables (gender, age, PD-1 inhibitors), the p-values were all > 0.05, indicating no statistically significant differences.


Table 1 | Basic information of patients treated with PD-1 inhibitors combined with chemotherapy.
	Item
	Sub-item
	Post-chemotherapy group (number of cases)
	Pre-chemotherapy group (number of cases)
	Total (number of cases)
	P value



	Sex
	Male
	133
	121
	254
	0.229


	Female
	67
	79
	146
	 


	Age (years)
	Less than 30
	4
	8
	12
	0.831


	30-39
	20
	18
	38
	 


	40-49
	38
	42
	80
	 


	50-59
	58
	60
	118
	 


	60-69
	48
	44
	92
	 


	70-79
	30
	26
	56
	 


	More than 80
	2
	2
	4
	 


	Tumour type
	Lung cancer
	86
	28
	114
	<0.001


	Liver Cancer
	12
	48
	60
	 


	Stomach cancer
	12
	30
	42
	 


	Nasopharyngeal cancer
	16
	10
	26
	 


	Lymphoma
	14
	8
	22
	 


	Bowel Cancer
	4
	18
	22
	 


	Oesophageal cancer
	8
	10
	18
	 


	Cervical Cancer
	14
	2
	16
	 


	Breast Cancer
	4
	10
	14
	 


	Endometrial cancer
	4
	10
	14
	 


	Gallbladder (duct) cancer
	2
	8
	10
	 


	Malignant tumour of tongue
	6
	2
	8
	 


	Kidney cancer
	5
	2
	7
	 


	Malignant tumour of pharynx
	4
	2
	6
	 


	Pancreatic cancer
	0
	5
	5
	 


	Soft tissue sarcoma
	0
	5
	5
	 


	Melanoma
	4
	0
	4
	 


	Pleural mesothelioma
	1
	2
	3
	 


	Ovarian cancer
	2
	0
	2
	 


	Tumour of unknown primary focus
	2
	0
	2
	 


	PD-1 inhibitors
	Tirilizumab
	53
	43
	96
	0.053


	Sindilizumab
	41
	39
	80
	 


	Karelizumab
	39
	33
	72
	 


	Teraplizumab
	23
	37
	60
	 


	Navulizumab
	19
	33
	52
	 


	Pembrolizumab
	24
	11
	35
	 


	Srolizumab
	1
	4
	5
	 








Table 2 | Baseline characteristics of the total cohort and the two groups of patients.
	Item
	Sub-item
	Total cohort (n=400)
	Post-chemotherapy group (n=200)
	Pre-chemotherapy group (n=200)
	χ² value
	P value



	Sex
	Male
	254 (63.5%)
	133 (66.5%)
	121 (60.5%)
	1.463
	0.229


	Female
	146 (36.5%)
	67 (33.5%)
	79 (39.5%)
	–
	–


	Age (years)
	Less than 30
	12 (3.0%)
	4 (2.0%)
	8 (4.0%)
	2.174
	0.831


	30-39
	38 (9.5%)
	20 (10.0%)
	18 (9.0%)
	–
	–


	40-49
	80 (20.0%)
	38 (19.0%)
	42 (21.0%)
	–
	–


	50-59
	118 (29.5%)
	58 (29.0%)
	60 (30.0%)
	–
	–


	60-69
	92 (23.0%)
	48 (24.0%)
	44 (22.0%)
	–
	–


	70-79
	56 (14.0%)
	30 (15.0%)
	26 (13.0%)
	–
	–


	More than 80
	4 (1.0%)
	2 (1.0%)
	2 (1.0%)
	–
	–


	Tumour type
	Lung cancer
	114 (28.5%)
	86 (43.0%)
	28 (14.0%)
	64.521
	<0.001


	Liver Cancer
	60 (15.0%)
	12 (6.0%)
	48 (24.0%)
	–
	–


	Stomach cancer
	42 (10.5%)
	12 (6.0%)
	30 (15.0%)
	–
	–


	Others
	184 (46.0%)
	84 (42.0%)
	100 (50.0%)
	–
	–


	PD-1 inhibitors
	Tirilizumab
	96 (24.0%)
	53 (26.5%)
	43 (21.5%)
	12.476
	0.053


	Sindilizumab
	80 (20.0%)
	41 (20.5%)
	39 (19.5%)
	–
	–


	Karelizumab
	72 (18.0%)
	39 (19.5%)
	33 (16.5%)
	–
	–


	Others
	152 (38.0%)
	67 (33.5%)
	85 (42.5%)
	–
	–










3.2 Incidence of AEs in the two groups comparison

AEs occurred in 260 out of 400 patients, with an incidence rate of 65.0%. The incidence of AEs in the pre-chemotherapy group was 75.0% (150/200), which was significantly higher than that of 55.0% (110/200) in the second chemotherapy group, and the difference was statistically significant (P<0.05).




3.3 Occurrence of AEs comparison with the two groups

The types of AEs were more common in 89 cases (22.25%) of haematological toxicity, 85 cases (21.25%) of liver toxicity and 54 cases (13.5%) of skin toxicity. In the post-chemotherapy group, there were 139 patients with toxicity graded as G1~ G2 and 20 patients with G3 and above; in the first-chemotherapy group, there were 177 patients with G1~ G2 and 26 patients with G3 and above. There was no statistical difference in the incidence of similar AEs in either group. The types and grades of AEs occurring in the two groups are shown in Table 3 and Figure 1.


Table 3 | Types and grades of adverse events occurring in the two groups [n (%), n=200].
	Type of AEs
	Post-chemotherapy group
	Pre-chemotherapy group
	P value
	Post-chemotherapy group
	Pre-chemotherapy group
	P value


	All levels
	All grades
	G3 and above
	G3 and above



	Haematological toxicity
	39 (19.5%)
	50 (25%)
	0.186
	9 (4.5%)
	11 (5.5%)
	0.646


	Hepatotoxicity
	39 (19.5%)
	46 (23%)
	0.392
	4 (2%)
	6 (3%)
	0.749


	Dermal toxicity
	25 (12.5%)
	29 (14.5%)
	0.558
	2 (1%)
	3 (1.5%)
	1.000


	Endocrine toxicity
	18 (9%)
	22 (21%)
	0.505
	2 (1%)
	2 (1%)
	1.000


	Gastrointestinal toxicity
	17 (8.5%)
	22 (21%)
	0.399
	2 (1%)
	2 (1%)
	1.000


	Skin capillary hyperplasia
	8 (4%)
	13 (6.5%)
	0.262
	1 (0.5%)
	2 (1%)
	1.000


	Pulmonary toxicity
	4 (2%)
	7 (3.5%)
	0.359
	0 (0%)
	0 (0%)
	–


	Infusion reaction
	4 (2%)
	6 (3%)
	0.749
	0 (0%)
	0 (0%)
	–


	Rheumatoid/skeletal muscle toxicity
	1 (0.5%)
	3 (1.5%)
	0.615
	0 (0%)
	0 (0%)
	–


	Nephrotoxicity
	1 (0.5%)
	2 (1%)
	1.000
	0 (0%)
	0 (0%)
	–


	Neurotoxicity
	1 (0.5%)
	1 (0.5%)
	1.000
	0 (0%)
	0 (0%)
	–


	Cardiotoxicity
	1 (0.5%)
	1 (0.5%)
	1.000
	0 (0%)
	0 (0%)
	–


	Ocular toxicity
	1 (0.5%)
	0 (0%)
	0.239
	0 (0%)
	0 (0%)
	–


	Pancreatic toxicity
	0 (0%)
	1 (0.5%)
	0.239
	0 (0%)
	0 (0%)
	–





The types of AEs included 14 types of skin toxicity, endocrine toxicity, cardiotoxicity, and malaise, and were classified into five grades based on toxicity: G1: mild toxicity; G2: moderate toxicity; G3: severe toxicity; G4: life-threatening toxicity; and G5: toxicity-related death, which corresponds to the Common Terminology Criteria for the Classification of Common Adverse Events (CTCAE_4.03), which was developed by the Cancer Research Institute of the National Institutes of Health (USA) for grading of adverse events.
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Figure 1 | (a) All grades of adverse events incidence rate. (b) G3 and above of AEs incidence rate.

Among the 260 patients who developed AEs, 176 patients developed only 1 type of AE, 66 patients developed 2 types of AEs, 18 patients developed 3 types of AEs, and no patient developed 4 or more types of AEs. The number of patients who developed ≥2 types of AEs in the post-chemotherapy group was 43, and the number of patients who developed ≥2 types of AEs in the first-chemotherapy group was 41.




3.4 Comparison of therapeutic effects between two groups

The focus of this study is to evaluate the impact of administration sequence on safety, therefore, data related to adverse events were mainly collected. Treatment evaluation indicators such as PFS, DFS, or OS were not included in the analysis scope of this study. However, all 400 patients in this study underwent radiographic examinations (CT and/or MR) to evaluate efficacy after 2 cycles of anti-tumour drug use, including 16 cases of CR (4%), 107 cases of PR (26.75%), 165 cases of SD (41.25%), and 112 cases of PD (28%).

The comparison between the two groups shows that their initial therapeutic effects are comparable. The ORR of the PD-1 inhibitor first administered and then chemotherapy group was 31.5% (63/200), with no statistically significant difference compared to the ORR of 30.0% (60/200) in the first chemotherapy group (P>0.05). Similarly, the DCR of the post chemotherapy group was 73.5% (147/200), while the DCR of the pre chemotherapy group was 70.5% (141/200), and there was no significant difference between the two groups (P>0.05). This discovery suggests that adopting a PD-1 inhibitor priority administration strategy may achieve the clinical optimisation goal of reducing drug toxicity without compromising efficacy.





4 Discussion

The present study shows that both groups of patients are predominantly male, and the age group is mostly concentrated in 40 ~ 69 years old, and the post-chemotherapy group is predominantly lung cancer patients, while the pre-chemotherapy group is predominantly hepatocellular carcinoma patients. The reason was considered to be the high incidence of lung and liver cancers in mainland China and the predominance of males. In addition, all seven PD-1 inhibitors included in this study are approved for non-small cell lung cancer and four are approved for hepatocellular carcinoma, which also explains why patients with lung cancer and hepatocellular carcinoma were mainly included in this study. The top three PD-1 inhibitors used in this study were tirilizumab, sindilizumab and karelizumab, and although pembrolizumab and navulizumab are the first two PD-1 inhibitors available in the world and in mainland China, the number of cases using these two PD-1 inhibitors in this study was relatively small, which is related to their high drug prices.

As new anti-tumour drugs, the mechanism of action of PD-1 inhibitors is different from that of traditional anti-tumour drugs, so the timing of their administration cannot be accurately grasped by the clinic, and there is a lack of relevant studies to support this. The results of this paper show that different dosing sequences will have an impact on the occurrence of AEs. The incidence of AEs in patients treated with PD-1 inhibitors followed by chemotherapy (55.0%) was much lower than that in patients treated with chemotherapy followed by PD-1 inhibitors (75.0%), and the difference was statistically significant (P < 0.05), but there was no statistically significant difference in the incidence of the same type of AEs in either group. It is also true that the current clinical preference is for the use of PD-1 inhibitors followed by chemotherapy, possibly in consideration of stimulating the body’s immune system first for maximum efficacy (9). The occurrence of AEs is associated with the over-activation of cellular immunity. In immunotherapy-combination chemotherapy regimens, chemotherapy can turn a “cold tumour” into a “hot tumour” that is sensitive to immunotherapy, and PD-1 inhibitors regulate the immune response induced by chemotherapy in a bi-directional manner, so that when patients are treated with chemotherapy and then PD-1 inhibitors, they may not be able to receive chemotherapy because of their body’s immune system being stimulated first. When patients are treated with PD-1 inhibitors after chemotherapy, the incidence of AEs may increase because of the oversensitive immune response (10–12).

The use of PD-1 inhibitors before chemotherapy may enhance the function of the immune system, improve the tumour microenvironment, and reduce the immune escape ability of tumour cells, thereby reducing the immune related adverse events caused by chemotherapy. PD-1 inhibitors activate the anti-tumour response of T cells by relieving immune checkpoint inhibition, which not only enhances immune clearance against tumours, but may also improve immune tolerance and reduce immune system overreaction. At the same time, PD-1 inhibitors can help repair immune suppression caused by chemotherapy, promote immune system recovery, and alleviate some side effects caused by chemotherapy, such as infection or inflammation. Overall, the use of PD-1 inhibitors before chemotherapy may improve patients’ treatment tolerance and reduce adverse events through multiple mechanisms.

The main types of AEs in the 400 patients included in this paper were haematological toxicity (22.25%), hepatotoxicity (21.25%) and dermatotoxicity (13.5%). Notably, when receiving PD-1 inhibitors in combination with chemotherapy, because some of the symptoms of chemotherapy-induced AEs and PD-1-induced AEs were the same, such as haematological toxicity and gastrointestinal toxicity, it was difficult for physicians to determine what drug-induced AEs were present and to attribute most of the occurrences of such AEs to chemotherapy. The overall incidence of haematological toxicity induced by PD-1 inhibitors was not high, less than 1%, and the most haematological toxicities are grade G2 or lower, with a small number of toxicities including haemolytic anaemia, aplastic anaemia, and immune thrombocytopenia, which can be life-threatening (13). The CheckMate 078 study showed that the incidence of anaemia among nabulizumab-associated haematological toxicities was approximately 4%, leukopenia was approximately 3%, neutropenia was approximately 2%, while all grade 3 to 4 toxicities were less than 1% (14). Phase I clinical studies of karelizumab showed an 11% incidence of anaemia, with 2% grade 3-4; 12% leukopenia and 1% thrombocytopenia, with no AEs of grade G3 or higher (15). A meta-analysis reported that PD-1 inhibitors caused 9.8% and 5% incidence of anaemia of any grade and G3 and above, respectively (16). Hematotoxicity in the present study was 22.25%, which is higher than the incidence of PD-1 inhibitor-induced hematotoxicity reported in most of the current literature, which is related to combination chemotherapy. The incidence of any grade of hepatotoxicity due to PD-1 inhibitors alone has been reported to be 0.7-2.1% (17), but the incidence of hepatotoxicity is much higher when combined therapy is used, such as in a meta-analysis of a Chinese population (18), where the incidence of any grade of hepatotoxicity was significantly higher after treatment with pembrolizumab, navulizumab, karelizumab, treprotilumab, tirilizumab, or sindilizumab After treatment, the incidence of any grade of liver toxicity ranged from 7.4 to 14.0%, with the incidence ranging from 6.9 to 13.1% for PD-1 inhibitor monotherapy and 12.2 to 37.8% for combination therapy, which is similar to the incidence of liver toxicity in this study. From the results of the available clinical studies, the incidence was about 34% to 40% in patients receiving nabulizumab and pabolizumab (19–21), but grade 3 to 4 rashes were rare. The incidence of pruritus was 13%-20% and 33% with PD-1 inhibitors and combination therapy, respectively, with a grade 3–4 incidence of <2.5% (22–24). The overall incidence of vitiligo is about 8% when PD-1 inhibitors are used in combination with ibritumomab (25, 26). The incidence of skin toxicity occurring in this study was slightly lower than that reported in the available literature, and the majority of skin toxicity was rash and pruritus, with a few cases of vitiligo.

The main types of AEs occurring in both groups were hematotoxicity, hepatotoxicity and dermatotoxicity. The mechanism of the occurrence of various types of AEs is still unclear, which requires close attention to the patient’s indicators, especially blood routine, during the treatment process. The toxicity grades of all types of AEs in both groups were concentrated in G1 to G2, and G3 and above were rare. There are five major points in the management of AEs, which are prevention, assessment, examination, treatment and monitoring, and prevention is the most important of these five links. This suggests that clinical attention should be paid to the occurrence of AEs and its importance, and that early identification and early intervention should be carried out to improve the outcome of patients by means of patient education and other means. PD-1 inhibitors administered before chemotherapy may reduce AEs, suggesting that dosing sequence should be considered in clinical practice.

Clinics are now dominated by immunotherapy combined with chemotherapy (27), and there is still an urgent need for relevant evidence-based medical evidence. Previous literature has mainly explored the safety of PD-1 inhibitors in combination with chemotherapy, and lacked an exploration of their dosing sequence.

In 2024, scholars studied the efficacy and safety of administering PD-1 inhibitors 3–5 days after TP chemotherapy in patients with locally advanced, recurrent, or metastatic oesophageal squamous cell carcinoma. The results showed that the administration sequence of PD-1 inhibitors 3–5 days after TP chemotherapy for first-line treatment of locally advanced, recurrent, or metastatic oesophageal squamous cell carcinoma not only achieved good efficacy, but also showed advantages in controlling specific adverse reactions. Under this sequence, the objective remission rate and disease control rate of patients are relatively high, and the incidence of grade 3–4 neutropenia and lymphopenia has decreased compared to previous reports. However, some patients still experience grade 3–4 toxicity events, with leukopenia accounting for the highest proportion. In addition, patients with a neutrophil to lymphocyte ratio of less than 3 before the third and fourth cycles of immunotherapy have a better prognosis (28).Zhang et al. explored the use of the PD-1 inhibitor tirelizumab in combination with albumin bound paclitaxel, followed by epirubicin/cyclophosphamide as a new adjuvant treatment for triple negative breast cancer in the Phase II TREND trial in 2025, but did not conduct a comparative analysis of the impact of different drug use sequences on adverse reactions. Under this medication regimen, the incidence of treatment-related adverse reactions is 90.57%, with common symptoms including hair loss, nausea, liver injury, etc. The incidence of grade 3–4 serious adverse reactions is only 11.32%, mainly liver injury, neutropenia, and leukopenia. The overall safety is controllable (29).

This study conducted a retrospective analysis of 400 cancer patients who received PD-1 inhibitor combined chemotherapy. The incidence of adverse reactions was compared between the group that received PD-1 inhibitor first and then chemotherapy (later chemotherapy group) and the group that received chemotherapy first and then PD-1 inhibitor (pre-chemotherapy group). It was found that the incidence of adverse reactions in the later chemotherapy group (55.0%) was significantly lower than that in the pre-chemotherapy group (75.0%). The main types of adverse reactions in both groups were haematological toxicity, hepatotoxicity, and skin toxicity, and there was no statistical difference in the incidence of similar adverse reactions. This result is expected to provide evidence-based support for the clear recommendation of the order of combination therapy in clinical drug guidelines, the standardisation of medication behaviour in actual treatment, and the optimisation of adverse reaction management. However, due to limitations such as limited sample size in the study, further large sample size is still needed. Prospective studies further validate.

The present study demonstrated that the dosing sequence would have an impact on the occurrence of AEs, which could provide ideas for clinical dosing regimens and the management of adverse effects. However, it should be noted that only 400 patients were included in this study, which has the problem of small sample size. There were also multiple limitations such as the failure to differentiate between adverse events caused by chemotherapeutic agents and those caused by PD-1 inhibitors, as well as the lack of consideration of effectiveness indicators. Therefore, more studies are needed to confirm the results of this study, and further exploration is needed to find out how the combination of PD-1 inhibitors with chemotherapy can be safer, more economical, more effective, and more reasonable, and we need to gain a deeper understanding of the mechanism of immunotherapy combined with chemotherapy, to further explore the optimal order of administration and the cycle and dosage of the combination of PD-1 inhibitors with chemotherapy, and to formulate a more efficient, less toxic, and more individualised treatment plan.
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