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Abstract

Background: The use of natural killer (NK) cells as a cellular immunotherapy has increased 

over the past decade, specifically their use in patients with hematologic malignancies. NK cells 

have been used at our institution for over 15 years. Most patients have a reaction with NK cell 

infusion. We retrospectively analyzed the reactions associated with NK cell infusions to 

characterize the types of reactions and to investigate why some patients have higher grade 

reactions than others.

Methods: A retrospective chart review of NK cell infusions was performed at our institution 

from 9 clinical protocols from 2008 to 2016. An infusion reaction was defined as any symptom 

from the time of NK cell infusion up to 4 hours after infusion completion. The severity of the 

infusion reactions was graded based on Common Terminology Criteria for Adverse Events 

(CTCAE version 4). Two major endpoints of interest were: 1) infusion reaction with any symptom 

and 2) grade 3 or higher infusion reactions. Multivariable logistic regression models were used to 

investigate the association between variables of interest and the outcomes. Odds ratios and 95% 

CIs were obtained for each variable.
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Results: There was a total of 130 patients receiving NK cell infusions at our institution. The 

most common reported symptom was chills (n=110, 85%), which was mostly grade 1 and 2, with 

only half of the patients requiring an intervention. There were 118 (91%) patients with infusion 

reactions and only 36 (28%) were grade 3. There was one life-threatening grade 4 reaction and no 

death was reported due to infusion reaction. Among grade 3 or higher reactions, cardiovascular 

(mainly hypertension) was the most common and less than half of those with hypertension 

required intervention. NK cell dose was not associated with any of the grade 3 infusion reactions, 

while monocyte dose was associated with headache (grade ≤ 3; odds ratio (OR) 2.17: 95% CI 

[1.19, 3.97]) and cardiovascular reaction (grade ≥ 3; OR 2.13: 95% CI [1.13, 3.99]). 

Cardiovascular reaction (grade ≥ 3) was also associated with in vitro IL-2 incubation and storage 

time. Additionally, there was no association between grade 3 or higher infusion reactions and 

overall response rate (OR 0.75: 95% CI [0.29, 1.95]).

Conclusion: The majority of patients who receive NK cell therapy experience grade 1 or 2 

infusion reactions. Some patients experience grade 3 reactions which are mainly cardiovascular, 

suggesting close monitoring within the first 4 hours is beneficial. The association of monocytes 

with NK cell infusion reaction relates to toxicities seen in adoptive T cell therapy and needs 

further exploration.
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Introduction

Interest in the manufacture and immunobiology of natural killer (NK) cell immunotherapies 

for cancer has grown substantially since the discovery of lymphokine-activating killer 

(LAK) cells in the 1980s [1]. While T cell and NK cell fractions of the lymphocyte 

compartment both exhibit cytotoxic subsets that kill transformed and virally-infected cells 

by cytotoxic (perforin/granzyme) or apoptotic (FAS ligand, TRAIL) pathways [2], there 

exists several functional differences that mediate their antigenic potential. As CD3−/CD56+ 

lymphocytes of the innate immune system, NK cells secrete cytokines and destroy target 

cells absent the prerequisite for prior sensitization [3]. They do not rearrange antigen-

specific surface receptors or require antigen presentation by the major histocompatibility 

complex (MHC). Rather, NK cell function is inhibited by interaction of killer 

immunoglobulin-like receptors (KIRs) with MHC class I ligands [4]. Signaling via a 

complex repertoire of inhibiting and activating surface receptors regulate the disinhibition of 

NK cell function by sensing for alterations in expression of MHC-I and stress ligands by 

mechanisms that are not completely understood.

Allogeneic NK cells are capable of inducing a graft-versus-tumor effect without inciting 

graft-versus-host disease (GVHD) [5], making them an attractive option for therapeutic 

manipulation. The manufacture of NK cell immunotherapies is not standardized and a 

variety of methods to isolate, expand, and enhance their cytotoxic potential is under intense 

investigation [6]. For over the past 15 years, the University of Minnesota has infused 

haploidentical NK cells as part of adoptive immunotherapy clinical trials for chemotherapy-

resistant hematologic malignancies and solid tumors in both hematopoietic stem cell 
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transplant (HSCT) and non-transplant settings. In our early trials, apheresis mononuclear 

cells (MNC) were T cell-depleted and IL-2 activated in vitro, and this process was later 

modified for T cell- and B cell-depletion with either IL-2 or IL-15 activation. We have 

observed a range of infusion-related reactions in most patients and it has not been clear why 

some patients have grade 3 or higher reactions or whether higher grade could be predictive 

of clinical efficacy.

Here, we present the first comprehensive review of infusion reactions associated with CD3 

cell-depleted or CD3/CD19 cell-depleted, haploidentical NK cells that were manufactured 

and administered within our institution. The goals of this study were to characterize the type, 

frequency, and severity of infusion reactions, as well as to evaluate for associations between 

grade 3 or higher infusion reactions and patient, manufacturing, or infusion-related 

variables.

Methods

We performed a retrospective chart review of patients who received NK cell infusions 

between 2008 and 2016 at our institution under 9 clinical trial protocols (Table 1). Enrolled 

patients had failed at least one salvage chemotherapy regimen for recurrent solid tumors or 

relapsed/refractory hematologic malignancies. Investigational new drug status approval from 

the Food and Drug Administration (FDA) and Institutional Review Board approval were 

obtained for all clinical trials supported by NK cell products manufactured within the 

Molecular and Cellular Therapeutics cGMP facility at the University of Minnesota [7].

NK Cell Processing

Allogeneic NK cells were derived from peripheral blood of nonmobilized, HLA 

haploidentical related donors and manufactured under cGMP conditions as previously 

described [8, 9]. Briefly, mononuclear cells collected by a 15-L leukapheresis (COBE 

Spectra Apheresis System, TerumoBCT, Lakewood, CO) on the day prior to infusion were 

manipulated for CD3 cell depletion (3 protocols) or CD3/CD19 cell depletion (6 protocols) 

using the automated, immunomagnetic CliniMACS Cell Selection System and reagents 

(Miltenyi Biotec, Bergisch Gladbach, Germany) according to the manufacturer’s 

specification. The NK cell enriched products were activated overnight by incubation in 

media supplemented with IL-2 (7 protocols) or IL-15 (2 protocols). Incubation of cells was 

done in (VueLife Teflon (FEP)) bags (American Fluoroseal) at 37°C and 5% CO2. Prior to 

infusion, the cells were washed twice and resuspended in 5% human serum albumin (Baxter 

Healthcare); our washing procedure removes cytokines from the media, and we used 

validation criteria of >95% reduction in IL-2 in the final wash media compared to pre-wash 

media. After the wash and before infusion, the cells were kept at room temperature while 

still suspended in the 5% human serum albumin. The cells were also subjected to lot release 

testing for nucleated cell (NC) count, purity, viability, Gram stain, and endotoxin.

Product characterization for NK cell (CD56+/CD3−), NKT cell (CD56+/CD3+), T cell 

(CD3+), and B cell (CD19+/CD20+) content was determined by immunophenotyping in our 

clinical flow cytometry laboratory. Monocyte content by flow cytometric analysis was not 

consistently available and instead was calculated by subtracting the total percentage of the 
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other cells (T-, B-, NK and NKT cells) from 100% on products that were CD3/CD19 cell 

depleted. For the CD3 cell depleted products, the B cell (CD19+/CD20+) content was not 

determined; therefore, the monocyte content was not calculated for this group. While the 

study included 130 NK cell infusions, complete data was obtained only for the 100 

infusions. A summary of the contents of the final NK cell product is provided in Figure 1 for 

the CD3/CD19 cell depleted products (N = 100). This data shows that the final product 

mainly contains NK cells (Mean 46.2 %, SD: 17.4) and monocytes (Mean 53.4 %, SD: 

17.5).

NK Cell Infusion

All patients received preparative lymphodepleting chemotherapy according to the clinical 

trial for which they were enrolled (Table 1). Patients were premedicated with acetaminophen 

650 mg PO (pediatric dose 15 mg/kg) and/or diphenhydramine 25 mg PO (pediatric dose 0.5 

mg/kg) before and 4 hours after the NK cell infusion. NK cells were administered by 

intravenous (IV) infusion at a dosage of up to 8 x107 NC/kg. Patients were monitored for 

any infusion-related symptoms during and for at least 4 hours after the NK cell infusion, 

prior to initiating subcutaneous IL-2 (7 protocols), subcutaneous IL-15 (1 protocol), or 

intravenous IL-15 (1 protocol).

Data Collection

Chart review included patient demographics (age, sex and diagnosis), NK cell product 

characteristics (manufacturing method, viability and cellular content, post-manufacture 

storage time), infusion characteristics (infusion rate and cell dosages), infusion-related 

symptoms, and best response to NK cell therapy (stable disease, progressive disease, 

complete response/remission, partial response/remission). An infusion reaction was defined 

as any sign or symptom from the time of NK cell infusion up to 4 hours afterwards. Severity 

of infusion reactions was graded based on Common Terminology Criteria for Adverse 

Events (CTCAE, version 4, published on June 14, 2010) [10]. CTCAE was not adopted until 

2012 and therefore, some of the grading was assigned retrospectively.

The major endpoints of interest were: infusion reaction with any symptom (grade ≥ 3), 

respiratory reaction (grade 3), febrile reaction (grade 3), cardiovascular reaction (grade ≥ 3), 

headache (grade 3) and headache (grade ≤ 3). Variables analyzed for association with the 

major endpoints included the infusion rate, NK cell dose, monocyte dose , in vitro cytokine 

used for NK cell activation (IL-2 versus IL-15), product (cell) viability, product storage time 

(which refers to the time between the completion of product manufacturing, i.e. the final 

washing procedure/suspension in albumin, and the start of infusion), patient diagnosis and 

age. For patient diagnosis, acute myelogenous leukemia (AML), AML/myelofibrosis, 

myelodysplastic syndrome (MDS) and chronic myelomonocytic leukemia (CMML) were 

grouped together; breast cancer (BrCa), ovarian cancer, and peritoneal adenocarcinoma 

(PAC) were grouped together; and chronic lymphocytic leukemia (CLL), and non-Hodgkin 

lymphoma (NHL) were grouped together.
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Statistical Analysis

Demographic variables, infusion-related variables, manufacturing-related variables, and the 

outcomes were summarized using descriptive statistics for the entire cohort. Multivariable 

logistic regression models were performed to investigate the association between variables 

of interest and the outcomes. Odds ratios and 95% CIs were obtained for each variable. 

Statistical analyses were performed using R (version 3.6.0) and SAS (version 9.4, SAS 

Institute, Inc., Cary, North Carolina).

Results

1. Study Population

The study population involved patients who received NK cell infusions between 2008 and 

2016 at our institution under 9 clinical trial protocols (Table 1). We analyzed 130 NK cell 

infusions that were administered to 63 female (51%) and 61 male (49%) patients (6 with 

missing data for sex) with relapsed/refractory AML or AML/myelofibrosis (n=73), MDS 

(n=2), CMML (n=1), ovarian cancer (n=25), BrCa (n=7), PAC, (n=1), NHL (n=20) and CLL 

(n=1). AML, AML/myelofibrosis, MDS and CMML comprised most of the study 

population at 59%, BrCa, ovarian cancer and PAC comprised 25%, and CLL and NHL 

comprised 16% (Table 2). The mean age at the time of NK infusion was 52 years (range, 

4-78).

2. Summary of Infusion Reactions

Infusion-related signs and symptoms that were possibly, probably, or definitely attributed to 

the NK cell infusion are summarized in Table 3, while signs and symptoms that were 

probably or definitely due to another cause were excluded from evaluation. The most 

reported symptoms were chills (n=110, 85%), hypertension (n=39, 30%), fever (n=38, 29%), 

and headache (n=29, 22%). The majority of the chills (n=109, 84%) were grade 1 and 2, and 

about half these (n=56, 43%) required intervention with Meperidine (Demerol). After 

constitutional symptoms (chills and fever), cardiovascular reaction (mainly hypertension, 

grade ≤ 3) was the most common. Anecdotally, some patients experienced mild nausea and 

emesis; however, the tracking and grading of these episodes was incomplete and could not 

be enumerated. Likewise, there were 2 episodes of ungraded tachycardia (which was not part 

of routine reporting for CTCAE). Local reactions at the infusion site were not tracked or 

observed as part of this study.

The majority of patients (n=118, 91%) experienced an infusion reaction (Table 4), the most 

common symptoms being chills and fever as mentioned above. An infusion reaction of grade 

3 or higher was observed in smaller number of patients (n=37, 29%), the majority (n=36, 

28%) being just grade 3. Only one life-threatening grade 4 reaction was seen in a patient 

with a hypotensive reaction that necessitated transfer to the medical intensive care unit for 

pressor support. This patient also had chills and dyspnea requiring 1-2 L of oxygen support 

due to hypoxia. No deaths were attributed to an NK cell infusion.

Among those with grade 3 or higher reaction, cardiovascular reaction (n=20, 15%) was the 

most common, followed by febrile reaction (n=15, 12%), respiratory reaction (n=8, 6%), and 
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headache (n=8, 6%). Headache with grade ≤ 3 (n=29, 22%) was also included in Table 4 as 

it was part of subsequent analysis. The majority of the grade 3 cardiovascular reactions 

(n=17, 13%) were hypertension, with less than half of these (n=6, 4.6%) requiring 

intervention with hydralazine. The patients with grade 3 hypotension did not require any 

intervention.

3. Summary of Variables of Interest

To understand why some patients may have higher grade reactions than others, we 

postulated some key variables of interest that may be risk factors. Given the unique nature of 

cell therapy product preparation, these included manufacturing-related variables, infusion-

related variables, and patient characteristics. Infusion-related variables and manufacturing-

related variables are summarized for the entire cohort in Table 5.

4. Association between Infusion Reactions and Variables of Interest

The results of the multivariable logistic regression models to investigate the association 

between several variables of interest and the main outcomes are summarized in Table 6. Out 

of the 130 patients, only 123 were available for full analysis due to missing data. 

Additionally, due to missing data in earlier clinical trial protocols (for the CD3 cell depleted 

products) that limited the calculation of monocyte content, the number of patients included 

in the analysis was reduced to 100 (including only CD3/CD19 cell depleted products).

Based on the analysis with N=100, some of the variables were associated with infusion 

reactions (Table 6). The odds of grade 3 febrile reaction increased with an increase in 

infusion rate, with OR of 13.07: 95% CI [1.81, 94.51]. The odds of cardiovascular reaction 

(grade ≥ 3) and headache (grade ≤ 3) increased with an increase in monocyte dose, with OR 

of 2.13: 95% CI [1.13, 3.99] and 2.17: 95% CI [1.19, 3.97], respectively. Incubation with 

IL-2 (OR of 5.89: 95% CI [1.24, 27.95]) and an increase in post-manufacture storage time 

(OR of 1.76: 95% CI [1.09, 2.85]) also increased the odds of cardiovascular reaction (grade 

≥ 3). Interestingly, older age was associated with a decrease in the odds of headache, grade ≤ 

3, (OR of 0.66, 95% CI [0.47, 0.93]). The rest of the variables and outcomes showed no 

statistically significant association as the confidence interval included 1. It is important to 

note here that there was no association between NK cell dose and any of the toxicity 

endpoints of interest in this analysis, suggesting that the NK cell content may not be 

associated with infusion reactions.

As mentioned, the association analysis above included CD3/CD19 cell depleted products 

(N=100) only since we were not able to calculate monocyte content for CD3 cell depleted 

products. However, we performed a logistic regression analysis to investigate if severe 

infusion reactions vary based on whether the NK products were CD3 cell depleted versus 

CD3/CD19 cell depleted. We discovered that there was no statistically significant difference 

in infusion reactions between the CD3 cell depleted NK cell products versus the CD3/CD19 

cell depleted NK products (95% CI did not include 1 and p-values were > 0.05).
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5. Association between Infusion Reactions and Overall Response Rate (ORR)

To investigate whether higher grade of infusion reactions could be predictive of clinical 

efficacy, we explored if ORR was associated with grade 3 or higher infusion reactions. For 

the total study population, the ORR was 27.6% (Table 7). Those with grade 3 or higher 

infusion reaction had ORR of 26.5% compared to 28.1% for those who did not have these 

reactions. Grade 3 or higher infusion reaction did not lead to improved overall response, 

with OR of 0.75, 95% CI [0.29, 1.95].

In addition to severity of infusion reaction, we were also interested to investigate if other 

relevant variables such as incubation with IL-2 vs IL-15 or patient diagnosis had any 

association with ORR. Incubation with IL-2, compared to IL-15, did not lead to any 

association with ORR. However, the odds of having a better overall response is higher in 

patients with a diagnosis of AML, AML/myelofibrosis, MDS and CMML compared to 

patients with BrCa, ovarian cancer and PAC, with OR of 4.03; 95% CI [1.17, 13.84].

Discussion

NK cells are part of the growing armamentarium of cell-based immunotherapies in cancer 

and HSCT as well as infectious disease [11-13]. The safety and feasibility of adoptively-

transferred NK cells (generated by a variety of manufacturing methods) has been 

demonstrated in several early phase clinical trials [14]. Clinical benefit has been observed in 

patients with AML who were pretreated with lymphodepleting chemotherapy [15-17], and 

the bone marrow density of adoptively-transferred NK cells was shown to correlate with 

disease control [18]. However, the anti-leukemia effect is transient and efforts to improve the 

expansion and persistence of NK cells in vivo are underway.

While some early clinical studies reported no adverse reactions or toxicity during NK cell 

infusions [19-21], our group and others have reported that patients receiving NK cells could 

have infusion reactions [22-24]. In the setting of lymphodepleting chemotherapy (Hi-Cy/Flu 

regimen) and total body irradiation (TBI) as well as IL-2 or IL-15 administration, standard 

toxicities are expected. Nonetheless, there is a lack of studies investigating whether the NK 

cell therapy product by itself leads to adverse events. Therefore, this study was focused in 

identifying adverse events that could be classified as NK cell infusion reactions by 

retrospectively reviewing patient charts for symptoms observed immediately and up to 4 

hours after NK cell infusion. To our knowledge, this is the first comprehensive report of the 

type and characteristics of infusion reactions in NK cell immunotherapy.

Chills, hypertension, fever, and headache were the most common NK cell infusion reactions 

observed in our study population, which are symptoms previously reported by other studies 

[25-27]. These symptoms have also been reported as common reactions to HSC and adoptive 

T cell infusions [28-30]. Nausea and vomiting, one of the most common reactions in other 

cell therapies, was anecdotally observed to be mostly mild and readily treatable but has not 

been graded or quantified as part of this study. While the percentage of patients experiencing 

any infusion reaction (91%) is higher than that reported for T cells (6.55%) [28] or HSCs 

(57%) [30], most of these reactions were grade 1 or 2. Only 28% of patients experienced 

grade 3 reactions, with just one life-threatening grade 4 reaction reported. Cardiovascular 
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reaction was the most common grade 3 reaction, raising another similarity with HSC 

infusion [30]. Although no deaths were attributed to an NK cell infusion in our study 

population, the one life-threatening reaction was a grade 4 hypotensive reaction, 

accompanied by less severe chills and dyspnea. These findings reinforce the value of 

monitoring patients for at least the first 4 hours after NK cell infusions. While most patients 

experienced grade 1 or 2 chills, those who experienced a grade 3 reaction are more likely to 

have hypertension, suggesting frequent vital sign checks will be useful.

To identify risk factors of several toxicity endpoints, multivariable logistic regression was 

performed. While some of the variables were associated with the infusion reactions, an 

important finding is that NK cell dose did not have any association with any of the grade 3 

or higher infusion reactions. This agrees with one of our recent studies that reported there 

was no association between higher NK cell dose and the development of cytokine release 

syndrome (CRS) [31]. CRS is a severe life-threatening toxicity due to a systemic 

inflammatory response that has mainly been observed after infusion of antibodies and 

adoptive T cell therapies [32]. While it is common in T cell therapies, the presence of CRS 

and neurotoxicity after NK cell therapy has only been reported recently by our group [31] 

and Björklund et al [27]. In adoptive T cell therapy, including chimeric antigen receptor T 

cell (CAR-T) therapy, toxicities such as CRS have been found to be T cell dose dependent 

[33]. The lack of association between grade 3 infusion reactions and NK cell dose in our 

current study implies that NK cells themselves may not be responsible for these reactions 

and other components of the NK cell therapy product may play a more significant role.

A component of the NK cell therapy product that was found to be associated with the 

infusion reactions was the monocyte dose. Interestingly, headache (grade ≤ 3) and 

cardiovascular reaction (grade ≥ 3) were associated with monocyte dose. This association is 

fascinating in the setting of previous reports that suggested monocytes contribute to the 

development of CRS and neurotoxicity after adoptive T cell therapy [34]. Norelli et al [35] 

and others [36] have shown that monocyte-derived IL-1 and IL-6 are required for CRS and 

neurotoxicity due to CAR-T cell therapy. These findings have provided the rationale for 

using tocilizumab, an IL-6 receptor antagonist, for treatment of CRS [37]. This suggests that 

monocytes could act through a similar mechanism in NK cell infusion reactions. Therefore, 

reducing or inhibiting the effects of monocytes maybe a way to decrease grade 3 or higher 

infusion reactions. Our group previously attempted to purify NK cell products by reducing 

the amount of monocytes, but the manufacturing process led to reduced NK-cell recovery 

and the final cell therapy product failed to induce hematologic remissions [9, 16]. Hence, 

further studies are required to investigate the role of monocytes in NK cell therapy infusion 

reactions and to explore strategies to target their effects.

Additionally, there were other variables that were associated with grade 3 infusion reactions. 

Cardiovascular reaction (grade ≥ 3) was associated with storage time and IL-2 incubation. 

The association with storage time suggests that delaying infusion of the NK cell product 

after completion of manufacturing may lead to a higher likelihood of these infusion 

reactions. We hypothesize that this may be due to a cytokine build-up as the cells await 

infusion. On the other hand, the fact that IL-2 incubation, compared to IL-15, led to an 

increased likelihood of cardiovascular reaction may provide another incentive for the use of 
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IL-15 as the preferred cytokine in NK cell therapy [31]. Moreover, our analysis showed that 

increase in infusion rate increased the odds of grade 3 febrile reaction, while older age 

decreased the odds of headache (grade ≤ 3). The association with infusion rate further 

emphasizes the need for close monitoring of patients in the immediate hours after NK cell 

infusion. The explanation for the surprising result that older patients had decreased odds of 

headache is not clear, but interestingly, a similar association is observed in CAR-T therapy 

where younger age was associated with more severe neurotoxicity [38]. Overall, the above 

results indicate that all types of variables, including infusion-related variables (infusion rate), 

manufacturing-related variables (storage time) and patient characteristics (age), may be 

important risk factors for infusion reactions in NK cell therapy.

Another important finding of this study is that grade 3 or higher infusion reaction was not 

associated with improved ORR. This agrees with our recent study that showed development 

of CRS in NK cell therapy, in the context of IL-15 accumulation after subcutaneous dosing 

and delayed elimination from lymphodepletion, had no impact on disease response [31]. 

This is different than what has been observed in CAR-T therapy where it has been 

established that CRS is associated with efficacy [39]. This distinction between the two 

different cell therapy modalities should be considered in future strategies that attempt to 

reduce toxicity and infusion reactions in NK cell therapy. Moreover, we found that ORR did 

not vary between incubation with IL-2 versus IL-15, further validating our previous findings 

that IL-15 is as effective as IL-2 in inducing remission [31]. The use of IL-15 in 

monotherapy or with NK cells and other chemotherapy has recently shown encouraging 

clinical results [40]. Our results add further evidence that IL-15 maybe the preferred 

cytokine in NK cell therapy since it is as effective IL-2 but has better toxicity profile and 

avoids Treg stimulation [31, 40-42]. Finally, this study further strengthened previous 

observations that NK cell therapy leads to better overall response in myeloid hematological 

malignancies (particularly AML) compared to solid tumors such as breast and ovarian 

cancer. This emphasizes the need for continued efforts in exploring strategies to improve NK 

cell therapy for solid tumors.

The main limitation of our study is that it is a retrospective review at a single institution. 

This has limited the number of patients included in the study. The number of patients was 

further limited by missing data in earlier clinical trials. Another limitation of the study is that 

the monocyte dose used in our analysis is a calculated value due to variations in measuring 

monocyte content among the various protocols. Given the clinical implications of the role of 

monocytes as discussed above, future studies with measured monocyte dose may be 

valuable. Regardless of these limitations, our study is still the most comprehensive study on 

infusion reactions in NK cell therapy to date, and our findings provide a baseline for future 

studies.

Conclusion

Overall, our findings highlight that while infusions reactions do occur in NK cell therapy, 

the majority of these are grade 1 and 2. The grade 3 or higher reactions are mostly 

cardiovascular (mainly hypertension) suggesting that close monitoring in the first 4 hours 

post-infusion will be valuable. The association of monocyte dose with grade 3 infusion 
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reactions has raised the possibility of similarities to CRS and neurotoxicity observed in 

CAR-T therapy, although NK cell infusion reactions were not associated with improved 

efficacy as is the case with CRS. With newer NK cell immunotherapy strategies emerging, 

our comprehensive study of NK cell therapy-related infusion reactions may provide a 

baseline with which to compare for future studies. Several new products in the pipeline such 

as CAR-NK cells could have similar infusion reactions with the associations described in 

this study. Therefore, as we continue to optimize NK cell immunotherapy, it will be essential 

to keep in mind these infusion reactions and the risk factors associated with them.
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Highlights:

• NK cell immunotherapy leads to grade 1 or 2 infusion reactions such as chills

• Grade 3 cardiovascular reactions such as hypertension occur in some patients

• Monocytes are associated with NK cell infusion reactions like in CAR-T 

therapy

• Unlike CAR-T, overall response rate is not associated with infusion reactions
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Figure 1. 
Boxplots summarizing the contents of the final NK cell therapy product for CD3/CD19 cell 

depleted products (N=100).
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Table 1.

Summary of clinical trial protocols from which patients included in this study were enrolled

# of 
evaluable
NK cell
infusions

Protocol
(clinicaltirals.gov) Disease NK cell

product Preparative regimen(s)
In vivo
cytokine*

6 MT2005-08 
(NCT00376805)

Metastatic breast 
cancer

CD3 depleted, 
IL-2 activated

Cy-flu, TBI IL-2, 
subcutaneous

14 MT2007-19R 
(NCT00652899)

Recurrent ovarian, 
fallopian tube, or 
primary peritoneal 
cancer

CD3 depleted, 
IL-2 activated

Cy-flu, TBI IL2, 
subcutaneous

13 MT2009-30 
(NCT01105650)

Metastatic breast 
cancer Recurrent 
ovarian, fallopian 
tube, or primary 
peritoneal cancer

CD3/CD19 
depleted, IL-2 
activated

Cy-flu, cyclosporine, 
methylprednisolone

IL-2, 
subcutaneous

6 MT2007-12 
(NCT00625729)

Relapsed/refractory 
NHL or CLL

CD3 depleted, 
IL-2 activated

Cy-flu, rituximab IL-2, 
subcutaneous

15 MT2009-15 
(NCT01181258)

Relapsed/refractory 
NHL or CLL

CD3/CD19 
depleted, IL-2 
activated

Cy, pentostatin, rituximab, 
denileukin difitox, or Cy-
flu, methylprednisolone, 
rituximab

IL-2, 
subcutaneous

17 MT2010-02 
(NCT01106950)

Relapsed/refractory 
AML

CD3/CD19 
depleted, IL-2 
activated

Cy-flu, denileukin diftitox IL-2, 
subcutaneous

17 MT2011-05 
(NCT01370213)

Relapsed/refractory 
AML or high-risk 
MDS or CMML

CD3/CD19 
depleted, IL-2 
activated

Cy-flu, TBI IL-2, 
subcutaneous

26 MT2010-10 
(NCT01385423)

Relapsed/refractory 
AML

CD3/CD19 
depleted, IL-15 
activated

Cy-flu IL-15, 
intravenous

16 MT2014-25 
(NCT02395822)

Refractory/relapsed 
AML

CD3/CD19 
depleted, IL-15 
activated

Cy-flu IL-15, 
subcutaneous

AML=acute myelogenous leukemia; CLL=chronic lymphocytic leukemia; Cy=cyclophosphamide; Flu=fludarabine; MDS=myelodysplastic 
syndrome; NHL=non-Hodgkin lymphoma; CMML= Chronic myelomonocytic leukemia; TBI=total body irradiation

*
Administered at least 4 hours after NK cell infusion
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Table 2.

Summary of demographics

Variable All subjects (N=130)

Diagnosis, n (%)

 AML, AML/myelofibrosis, MDS & CMML 76 (58.5%)

 BrCa, Ovarian Cancer & PAC 33 (25.4%)

 CLL & NHL 21 (16.2%)

Patient age (decades)

 Mean (SD) 5.26 (1.55)

 Median (Range) 5.60 (0.40, 7.80)

Patient sex

 Number missing 6

 Female 63 (50.8%)

 Male 61 (49.2%)

Patient weight (kg)

 Mean (SD) 77.51 (17.61)

 Median (Range) 76.30 (14.80, 119.50)
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Table 3.

Summary of all signs and symptoms occurring during or within 4 hours after NK cell infusion that were either 

definitely, probably or possibly related to the infusion

Sign/symptom Grade 1 Grade 2 Grade 3 Grade 4 Total, n (%)

Constitutional

 Chills 29 80 1 - 110 (84.6%)

 Fever (no infection) 17 6 15 - 38 (29.2%)

Respiratory

 Dyspnea 4 3 8 - 15 (11.5%)

 Hypoxia 1 4 8 - 13 (10.0%)

 Bronchospasm 0 3 3 - 6 (4.6%)

 Pneumonitis 1 1 (0.8%)

Cardiovascular

 Hypertension 6 16 17 - 39 (30.0%)

 Hypotension 3 4 2 1 10 (7.7%)

 Tachycardia* - - - - 2 (1.5%)

 Chest pain 1 1 (0.8%)

CNS

 Headache 12 9 8 29 (22.3%)

Gastrointestinal

 Nausea** - - - - -

 Emesis** - - - - -

 Abdominal cramps - 1 - - 1 (0.8%)

 Ascites 2 - - - 2 (1.5%)

Musculoskeletal

 Myalgia 1 4 1 - 6 (4.6%)

Skin/subcutaneous

 Rash 2 - - - 2 (1.5%)

Other

 Localized edema 8 4 - - 12 (9.2%)

 Sweating 1 - - - 1 (0.8%)

 Dry eye 1 - - - 1 (0.8%)

*
Tachycardia was not part of routine reporting for CTCAE; two episodes of tachycardia were noted in the record that were not graded

**
Reports of nausea/vomiting were not graded - anecdotally they appeared to mostly be mild and readily treatable
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Table 4.

Summary of infusion reactions organized by toxicity endpoints of interest

Outcome All subjects (N=130)

Infusion reaction with any symptom, n (%)

 Yes 118 (90.8%)

 No 12 (9.2%)

Infusion reaction with any symptom, grade ≥ 3, n (%)

 Yes 37 (28.5%)

 No 93 (71.5%)

Cardiovascular reaction, grade ≥ 3, n (%)

 Yes 20 (15.4%)

 No 110 (84.6%)

Febrile reaction, grade 3, n (%)

 Yes 15 (11.5%)

 No 115 (88.5%)

Respiratory reaction, grade 3, n (%)

 Yes 8 (6.2%)

 No 122 (93.8%)

Headache, grade 3, n (%)

 Yes 8 (6.2%)

 No 122 (93.8%)

Headache, grade ≤ 3, n (%)

 Yes 29 (22.3%)

 No 101 (77.7%)

Cytotherapy. Author manuscript; available in PMC 2022 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mamo et al. Page 20

Table 5.

Summary of variables of interest

Variable All subjects (N=130)

Infusion-related variables

 Infusion rate (mL/min/kg)

  Number missing 3

  Mean (SD) 0.04 (0.02)

  Median (Range) 0.04 (0.01, 0.14)

 Monocyte dose (cells/kg, divided by 10,000,000)

  Number missing 26

  Mean (SD) 2.18 (1.01)

  Median (Range) 2.05 (0.06, 4.94)

 NK cell dose (cells/kg, divided by 10,000,000)

  Mean (SD) 1.94 (1.05)

  Median (Range) 1.79 (0.11, 6.27)

Manufacturing-related variables

 In vitro IL-2 vs IL-15, n (%)

  Incubation with IL-2 88 (67.7%)

  Incubation with IL-15 42 (32.3%)

 % viability (7-AAD)

  Mean (SD) 95.64 (4.10)

  Median (Range) 96.73 (71.13, 99.69)

 Storage time (hours)

  Number missing 7

  Mean (SD) 5.09 (1.27)

  Median (Range) 4.83 (2.87, 9.28)
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Table 6.

Association between toxicity endpoints and variables of interest (N=100)
2
.

Variable Infusion
reaction
with any
symptom,
grade ≥ 3,
OR (95%
CI)

Respiratory
reaction,
grade 3,
OR (95%
CI)

Febrile
reaction,
grade 3,
OR (95% CI)

Cardiovascular
reaction, grade
≥3,
OR (95% CI)

Headache,
grade ≤ 3,
OR (95%
CI)

Headache,
grade 3,
OR (95%
CI)

NK cell dose 
(cells/kg, divided by 
10,000,000)

0.89 (0.57, 
1.38)

0.42 (0.13, 1.35) 0.60 (0.29, 
1.27)

0.78 (0.43, 1.41) 0.97 (0.55, 
1.72)

1.34 (0.63, 
2.85)

Natural log of 
infusion rate 
(mL/min/kg)

1.11 (0.43, 
2.90)

0.99 (0.12, 8.35) 13.07 (1.81, 
94.51)

0.88 (0.28, 2.78) 0.39 (0.12, 
1.27)

0.62 (0.11, 
3.60)

Monocyte dose 
(cells/kg, divided by 
10,000,000)

1.60 (0.98, 
2.61)

2.37 (0.93, 6.02) 0.69 (0.31, 
1.54)

2.13 (1.13, 3.99) 2.17 (1.19, 
3.97)

1.49 (0.70, 
3.18)

IL-2 vs IL-15 
incubation

 IL-2 2.63 (0.84, 
8.23)

6.18 (0.62, 61.77) 3.65 (0.79, 
16.90)

5.89 (1.24, 27.95) 0.25 (0.06, 
1.11)

0.64 (0.07, 
5.78)

 IL-15 Reference Reference Reference Reference Reference Reference

% viability (7-AAD) 0.92 (0.80, 
1.06)

0.87 (0.72, 1.05) 0.94 (0.78, 
1.12)

1.01 (0.86, 1.17) 0.88 (0.74, 
1.06)

0.88 (0.69, 
1.12)

Storage time (hours) 1.27 (0.85, 
1.89)

1.54 (0.70, 3.37) 1.41 (0.77, 
2.59)

1.76 (1.09, 2.85) 0.70 (0.41, 
1.20)

0.70 (0.31, 
1.58)

Diagnosis

 AML, AML/
myelofibrosis MDS & 
CMML

1.47 (0.34, 
6.34)

1.03 (0.06, 16.87)
N.E.

3 1.05 (0.22, 4.98) 0.33 (0.05, 
2.09)

0.62 (0.04, 
10.35)

 BrCa, Ovarian 
Cancer & PAC

1.08 (0.19, 
6.02)

0.67 (0.03, 14.38)
N.E.

3 0.31 (0.04, 2.36) 0.71 (0.11, 
4.66)

2.82 (0.21, 
38.70)

 CLL & NHL Reference Reference Reference Reference Reference Reference

Patient age (decades) 0.92 (0.69, 
1.22)

1.26 (0.67, 2.39) 1.39 (0.86, 
2.24)

1.43 (0.93, 2.20) 0.66 (0.47, 
0.93)

0.69 (0.43, 
1.10)

1
Multivariable logistic regression was performed for six outcomes to investigate the association between these outcomes and variables of interest. 

Odds ratios and 95% CIs are presented for each variable. CIs are bolded if they do not include 1.0.

2
Final sample size for all models is 100 due to missing independent variables.

3
N.E. indicates not estimable due to cell counts of 0.
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Table 7.

Association between overall response and grade 3 or higher infusion reaction (N=123).

Variable N with overall response (%) OR (95% CI)

Total number of patients (N = 123) 34 (27.6%) N/A

Infusion reaction with any symptom, grade ≥ 3

 Yes 9 (26.5%) 0.75 (0.29, 1.95)

 No 25 (28.1%) Reference

IL-2 vs IL-15 incubation

 IL-2 25 (30.5%) 2.56 (0.89, 7.38)

 IL-15 9 (22.0%) Reference

Diagnosis

 AML, AML/myelofibrosis, MDS & CMML 22 (30.1%) 4.03 (1.17, 13.84)

 CLL & NHL 7 (35.0%) 2.79 (0.72, 10.79)

 BrCa, Ovarian Cancer & PAC 5 (16.7%) Reference

Patient age - 1.03 (1.0, 1.06)

1
Multivariable logistic regression was performed to investigate the association between overall response and variables of interest. Odds ratios and 

95% CIs are presented for each variable.
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