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Red blood cell (RBC) transfusions have been shown to exert immunosuppressive effects in different diseases. In consequence, RBC transfusions might also negatively influence the response to immunotherapeutic treatment approaches. To address how RBC transfusions impact response rates of antitumor immunotherapy (IT), we conducted a retrolective clinical study of patients with different solid tumors treated with IT (atezolizumab, pembrolizumab, nivolumab and/or ipilimumab). We assessed the number of RBC concentrates received within 30 days before and 60 days after the start of IT. Primary objective was the initial therapy response at first staging, secondary objectives the number of immune related adverse events and infections. 15 of 55 included patients (27.3%) received RBC concentrates. The response rates were 77.5% in the non-transfused (n=40) versus 46.7% in the transfused patient group (n=15) and reached statistical significance (p=0.047). The correlation between therapy response and transfusion was statistically significant (p=0.026) after adjustment for the only identified confounder “line of therapy”. In contrast, transfusion in the interval 30 days before IT showed no significant difference for treatment response (p=0.705). Moreover, no correlation was detected between RBC transfusion and irAE rate (p=0.149) or infection rate (p=0.135). In conclusion, we show for the first time that the administration of RBC transfusions during, but not before initiation of IT treatment, negatively influences the response rates to IT. Our findings suggest a restrictive transfusion management in patients undergoing IT to receive optimal response rates.
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Introduction

In the last two decades, a better understanding of the interaction of immune and tumor cells has arisen. Malignant tumors suppress the immune responses via signaling pathways including programmed death-ligand 1 (PD-L1) and programmed cell death protein 1 (PD-1) (1). An inhibition of these molecules, exploiting immune checkpoint inhibitors (CPIs), leads to an enhancement of tumor-directed CD8+ T-cell activity and in part to a reduction of Treg-depended immunosuppression resulting in durable remissions in a subgroup of patients with different tumor types (1, 2). Despite a current increasing use of immunotherapy (IT) in cancer care, factors that affect the efficacy of IT are still not completely identified (3). Based on the known immunomodulation, any interference with the immune system is likely to impact the response to IT, as well as risk for immune-related adverse events (irAEs) and infections during IT, suggesting that the role of concomitant treatments with immune-modulatory potential is of essential importance (4, 5). For instance, baseline use of steroids in non-small cell lung cancer patients treated with CPIs was associated with a worse outcome (6).

Red blood cell (RBC) transfusions are commonly used during cancer therapy, due to tumor-associated anemia or treatment-related toxicity (7). A known side effect of allogenic RBC transfusion is a transfusion-related immunomodulation (TRIM) resulting in modulation of the immune system (8, 9). RBC concentrates consist of cellular components (erythrocytes, residual leukocytes) as well as of humoral components (cytokines, soluble HLA peptides, extracellular micro-vesicles). All these factors are discussed triggers for TRIM, which underlying mechanism is not completely understood. As part of the suspected pathomechanism an attenuation of T cell function as well as an increased activation of immunosuppressive regulatory T cells (TREGs) are assumed (10–12).

The potential immunosuppressive effect of RBC transfusions has gained an increased awareness in oncology. In cancer surgery, a raised risk of tumor relapse for RBC transfusion recipients is currently investigated (9). One hypothesis is a pro-tumor environment for residual tumor cells caused by TRIM (9). For instance, there is emerging data for the clinical significance in colorectal cancer surgery (13). Despite the essential role of potential immunomodulating factors for IT, RBC transfusion has not been investigated in IT patients in detail.

In summary, RBC transfusions may display a relevant immunosuppressive effect acting as an opponent to immunotherapy. The aim of this study was to approach the question whether RBC transfusions impact outcome of IT in cancer patients. Furthermore, we wanted to dissect the influence of RBC transfusions on the risk of irAEs and infections.



Methods

We conducted a retrolective clinical study of patients treated with IT for metastatic cancer at a single tertiary care center between 05/2015 and 10/2021. Inclusion criteria were at least one radiological staging after start of IT, a minimum survival time of 60 days to ensure a sufficient observation period and at least one immune status assessed by flow cytometry.

IT could be applicated as monotherapy, IT doublet as well as concomitant to radiation or any systemic therapies, including chemotherapy and targeted therapies. Investigated drugs were the PD-L1 inhibitor atezolizumab, the PD-1 inhibitors nivolumab and pembrolizumab as well as the CTLA-4 inhibitor ipilimumab.

For each cancer patient, we assessed the number of packed RBC transfusions received within 30 days before start of IT and within the first 60 days after start of IT. Patients were allowed to receive platelet transfusions during investigation period. Intravenous immunoglobulins, cryoprecipitates or plasma were not transfused.

Primary objective was the initial therapy response. Therefore, we considered the first conducted CT scan or MRI after the start of IT, which were evaluated by our radiologists according to the local hospital guidelines. If this imaging was performed within the first 60 days only the given transfusions up to this date were taken into account (RBC transfusion had to be given at least one day before imaging). Therapy response was defined as stable disease, partial response or complete response. Secondary objectives were the number of irAEs in the first 60 days after start of IT and the number of infections within 30 days before start of IT. Only infections treated with antibiotics were considered.

Data was collected by discharge letters, documented radiological examination or any electronical medical record.


Statistical analysis

Demographic and baseline clinical characteristics (at time of initiation of IT) were analyzed using descriptive statistics. All variables included in this analysis had ≤5% missing. Differences between these two groups were tested by Fisher’s exact test and Wilcoxon test. We separately compared transfused and non-transfused patient groups for the transfusion time frames 30 days before and 60 days after start of IT.

To evaluate the association between treatment response and transfusion, bivariate analyses by Fisher’s exact test and Wilcoxon test were applied. To measure the effect of the specific number of packed RBC transfusions (after start of IT) for treatment response Odds were applied.

A bivariate analysis by Fisher’s exact test was performed to define the relationship between therapy response (dependent variable) and influencing parameters (sex, age, ECOG, type of IT, concomitant therapy, number of metastatic sites, LDH). In case of a statistically and clinically significant relationship, the variables were included in a multivariable logistic regression. For each variable, we calculated Odds ratio (ORs).

To evaluate the association between transfusion and irAE rate, respectively infection rate, bivariate analyses by Wilcoxon test were conducted.

All analyses and figures were performed using STATA software (version 15.1) and GraphPad Prism 5. A p<0.05 was considered as statistically significant. The study was conducted in accordance with the Declaration of Helsinki and was approved by the ethics committee of the medical department of the university Bonn (#340/21). Only previously documented data were used, no informed consent was needed. All patients were anonymized through the use of codes.



Data availability

The data generated in this study are not publicly available due to patient data privacy but are available upon reasonable request from the corresponding authors.




Results


Baseline characteristics

59 patients in total diagnosed with metastatic cancer treated with IT were analyzed. 4 patients were excluded for further analysis due to death within 60 days after start of IT. The final population consisted of 55 patients. The mean age was 62 years (range: 34-90). The gender distribution of the study population was 70.9% male and 29.1% female. ECOG performance status 0-1 was documented for 35 patients (63.6%). In 29 patients (52.8%) IT was administered as first or second line treatment. 27.3% of patients were treated in addition to IT with chemotherapy and 20.0% of patients with radiotherapy(Table 1). 15 of the analyzed patients (27.3%) received RBC transfusions while 40 patients (72.7%) had no indication for RBC transfusion in the first 60 days after start of IT. Both cohorts were equally distributed by age (p=0.059), sex (p=0.184), ECOG (p=1.000) and burden of disease (number of organs with metastasis p=0.912; LDH p=0.441). While tumor type was mostly balanced between the two groups, the proportion of lung cancer was higher in the non-transfused patient group. Both cohorts did not differ statistically significant with regard to concomitant therapy as chemotherapy (p=0.461) or radiation (p=1.000). Compared to non-transfused patients, transfused patients were more likely to get a two-drug IT (p=0.011). Transfused patients were also more likely to receive IT in a higher therapy line (p=0.016) (Table 1). The transfused patient group received on average 4 RBC concentrates per person (median: 2 RBC). The baseline characteristics of patients transfused during 30 days before therapy start are described in the supplements (Supplementary Table 1).


Table 1 | Patient characteristics of transfused and non-transfused patients (in the first 60 days after IT start).





Patients without concomitant RBC transfusions within 60 days after IT initiation show better outcome than those who receive RBC transfusions

The average time until first CT/MRI scan in our study was 69 days. Treatment response was detected in 38 of 55 patients, thereof 16 (29.1%) with stable disease, 22 (40.0%) with partial response. 17 patients (30.9%) showed no response to IT. Response rates were investigated depending on transfusion of RBC concentrates within 60 days after start of IT. In the non-transfused patient group (n=40), a response rate of 77.5% was found, whereas in the transfused patient group (n=15) only 46.7% responded to IT. The difference was statistically significant at Fisher’s exact test (p=0.047) (Figure 1A).




Figure 1 | Response rate in relation to RBC transfusions. (A) The response rate depending on received RBC transfusions within 60 days after start of IT is shown. Complete response, partial response and stable disease were considered as response. Of 40 patients in the non-transfused group 31 patients (77.5%) responded to IT, while of 15 patients in the transfused group only 7 patients (46.7%) responded to IT. The difference was calculated using Fisher’s exact test (p=0.047). (B) Multiple logistic regression analysis of therapy response to IT. (*) between RBC transfusion and line of therapy. After adjustment for the effect of the confounding factor “line of therapy” the correlation between therapy response and transfusion was statistically significant (p=0.026). No other confounding factors could be identified. (C) The probability for response in dependence on the number of transfused packed RBC units within 60 days after start of IT is depicted. (D) The response rate depending on received RBC transfusions within 30 days before start of IT is shown. Of 46 patients in the non-transfused group 31 patients (67.4%) responded to IT, while of 9 patients in the transfused group 7 patients (77.8%) responded to IT. The difference was calculated using Fisher’s exact test (p=0.705). RBC, red blood cell; IT, immunotherapy; PR, partial response; SD, stable disease; PD, progressive disease; NS, not significant.



There was no relevant correlation between therapy response and respectively age (p=0.126), sex (p=0.533), ECOG (p=1.000), type of IT (one drug or IT doublet; p=0.158), concomitant therapy (radiotherapy/chemotherapy; p=0.471/0.109), number of organs with metastasis (p=0.802), nor LDH (p=0.724). In contrast, we detected a statistically significant difference in treatment response depending on the line of therapy (p=0.026). Since the response rate of IT declined with a higher therapy line, it was assessed as a clinical expected and principal confounder in the following analyses.

The correlation between therapy response and RBC transfusion was statistically significant (p=0.026) after adjustment for the effect of the confounding factor line of therapy in a multiple logistic regression. The interaction of transfusion and line of therapy showed no statistically significance (p=0.092). The effect of RBC transfusion on therapy response was substantially stronger than the effect of line of therapy (OR=0.037 vs. OR=0.515). The Odd for therapy response was 97% lower under any transfusion while the Odd for therapy response decreased around 49% per therapy line (Figure 1B).

The examination of the exact number of received packed RBC transfusions showed a non-statistically significant decrease about 18.3% in the Odd for treatment response per RBC concentrate (p=0.121). The probability for response decreased almost linear in dependence of number of transfused RBC units (Figure 1C).



Patients receiving RBC transfusions within 30 days before IT initiation show similar outcomes than those without RBC transfusions

Within 30 days before IT, 9 patients (16.4%) received RBC transfusion, while 46 patients (83.6%) did not. 7 of the transfused patients (77.8%) and 31 of the non-transfused patients (67.4%) responded to IT. In contrast to concomitant IT-RBC transfusions, patients with or without transfusion in the interval 30 days before IT showed no significant difference for treatment response (p=0.705) (Figure 1D).



RBC transfusions do not impact on the rate of irAEs nor infections

No statistically significant relation was found between irAE rate and transfusion of RBC concentrates (p=0.149) nor infection rate and transfusion (p=0.135). In total, 11 patients (20.0%) showed an irAE within 60 days after start of IT. In the non-transfusion group the irAE rate was 15.0% and in the transfusion group 33.3% (Figure 2A). Antibiotic treatment within 30 days before start of IT was reported for 18 patients (32.7%). Infection rate was 28.3% in the non-transfusion group and 55.6% in the transfusion group (Figure 2B).




Figure 2 | IrAE and infection rate in relation to RBC transfusions. (A) The irAE rate depending on received RBC transfusions within 60 days after start of IT is shown. Of 40 patients in the non-transfused group 6 patients (15.0%) showed an irAE while of 15 patients in the transfused group 5 patients (33.3%) showed an irAE. The difference was calculated using Fisher’s exact test (p=0.149). (B) The infection rate depending on received RBC transfusions within 30 days before start of IT is shown. Of 46 patients in the non-transfused group 13 patients (28.3%) were treated with antibiotic treatment, while of 9 patients in the transfused group 5 patients (55.6%). The difference was calculated using Fisher’s exact test (p=0.135). RBC, red blood cell; irAE, immune-related adverse events; NS, not significant.






Discussion

The use of IT in anti-cancer treatment approaches is rapidly increasing (14). Several studies have analyzed concurrent medications and their potential for damping the activity of immunotherapies (3, 4). An immunosuppressive effect is likewise assumed for RBC transfusion (8, 9). Due to the underlying disease and the hematotoxic effect of therapy, many cancer patients develop anemia that require transfusions (15). The potential immunosuppressive effects suggest that RBC concentrates might influence the response rate to IT. So far, the role of packed RBC transfusion for IT response has not been investigated in detail. The main objective of our study was to define the impact of RBC transfusions before and during IT on therapy outcome. Our analysis identified a negative influence of RBC transfusions, received during the first 60 days of IT, on the likelihood of responding to IT in patients with advanced malignancies. Our findings are supported by a large meta-analysis of Amato and Pescatori including 36 studies on 12,127 patients with a curative resection of colorectal cancer and a perioperative RBC transfusion. Between recurrence and RBC transfusion the estimated Odds ratio was 1.42 (95% CI, 1.20 to 1.67) (16).

There is an ongoing discussion about the relationship between a higher physiologic severity of illness and the need for supportive therapy (RBC transfusion, steroid administration), the latter being probably just a prognostic marker (17). To do this justice, we first compared our two cohorts of transfused and non-transfused patients. We could not detect any statistically significant differences for disease severity or performance status (number of organs with metastasis, LDH, ECOG, age). Secondly, we excluded patients who died within the first 60 days, thereby ensuring that patients with too advanced, aggressive disease with very low chance of therapeutic response were ruled out. Due to the retrolective design and the inhomogeneous small cohort, there remained at least a partly hindered comparability of the groups.

Our observational study is based on a detailed data collection considering different potential confounders. The statistical analysis showed a relevant influence of the line of IT on treatment response. Poorer treatment response and an increasing need for RBC transfusions in higher lines of therapy caused by accumulated therapy-associated bone marrow toxicity is expected (15). Therefore, therapy line had to be included as a confounder in our statistical model. After adjustment, there was an independent strong statistically significant effect of RBC transfusions on therapy response. Interestingly, we were able to show that an increasing number of transfused units were associated with a reduction of response rate. Amato and Pescatori reported a quantity-dependent effect for the risk of cancer recurrence as well, in their analysis of cancer patients undergoing colorectal surgery. The OR for recurrence risk was higher for ≥5 transfused units (OR, 2.02; 95% CI, 1.65-2.48, p<0.00001) as for 1-2 units (OR, 1.40; 95% CI, 1.18-1.67; p<0.0001) (16).

In contrast, we could not show a negative impact of RBC transfusion on the likelihood of responding to IT if RBC transfusions were administered within 30 days before the initiation of treatment. A study of Liu et al. (n=80 patients) demonstrated that the strongest increase (p<0.05) of immunosuppressive Tregs was apparent one day after RBC transfusion (11). Based on these findings, we assume that a negative influence on therapy response of IT requires a strong simultaneous interference with the immune system to mediate a worse outcome. Considering other immunomodulatory events, there was a trend of a higher irAE rate in the transfused group, although we would have expected a reduced rate. Additionally, a higher clinically significant infection rate before treatment start in the transfusion group was documented. We assume differentiating pathways between infection, irAE and therapy response to IT. Further evaluation of these special observations is not possible based on our data, thus meriting larger studies.

Although for ethical reasons, the effect of RBC transfusions can only be studied using such real-world data, nevertheless, several limitations have to be considered when interpreting our findings. First, our study population is small. More so, considering the applied inclusion criteria, a selected patient population was studied. Second, due to the broad use of IT in different cancer entities, the study population is heterogeneous. However, we primarily assume an immunomodulatory effect of RBC transfusion which is independent of the tumor entity. A statistical limitation is the expectable small percentage of transfused patients of the total study population. Indeed, a prospective study on transfusion needs in cancer care showed that 14.9% of patients were treated with a blood transfusion (18). Hence, larger prospective case-control studies are needed to confirm our findings and to improve the understanding of the specific underlying pathomechanism.

In conclusion, we demonstrate that the concomitant administration of RBC concentrates negatively influences the response rate to IT. We hypothesize that this effect is most likely mediated by immunosuppression exerted by RBC concentrates and independent from age, sex, ECOG, concomitant therapy and LDH. The results of our study do not justify the omission of a necessary transfusion; however, our findings might implicate a more restrictive transfusion management in patients undergoing IT and encourage the use of alternatives, such as erythropoietin to treat tumor-induced or treatment-associated anemia, if feasible.
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p-value®

0.059*
0.192
0.184

1.000

0414

0.011

0.461
1.000
0.016

0.912*

0.441*
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