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prednisolone). This treatment regimen substitutes vin-
cristine with the antibody-drug conjugate polatuzumab, 
which targets CD79b, and is recommended for patients 
with an International Prognostic Index (IPI) of 2–5 [3]. 
With these therapies, about 60–65% of high-risk patients 
can be cured, however refractory or relapsed (R/R) 
patients are characterized by a very poor outcome [4]. 
Therefore, reliable categorization of patients into low, 
intermediate, and high-risk categories is necessary to 
allow for allocation to different treatment regimens.

Risk stratification of patients with aggressive non-
Hodgkin lymphoma (NHL), such as diffuse large B cell 
lymphoma (DLBCL), is mainly based on the clinical risk 
score IPI which was introduced 30 years ago [5] and 
includes the five adverse factors: age (> 60 years), Ann 

Introduction
Diffuse large B cell lymphoma (DLBCL) is the most com-
mon type of aggressive lymphoma representing up to 
40% of non-Hodgkin lymphomas (NHL). For more than 
20 years, the standard first-line treatment for DLBCL 
patients has been immuno-chemotherapy with R-CHOP 
(rituximab, cyclophosphamide, doxorubicin, vincristine, 
and prednisolone) [1, 2] or similar approaches such as 
the recently approved pola-R-CHP (polatuzumab vedo-
tin, rituximab, cyclophosphamide, doxorubicin, and 
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Abstract
Assessing the prognosis of patients with aggressive non-Hodgkin B cell lymphoma mainly relies on a clinical risk 
score (IPI). Standard first-line therapies are based on a chemo-immunotherapy with rituximab, which mediates 
CD16-dependent antibody-dependent cellular cytotoxicity (ADCC). We phenotypically and functionally analyzed 
blood samples from 46 patients focusing on CD16+ NK cells, CD16+ T cells and CD16+ monocytes. Kaplan-
Meier survival curves show a superior progression-free survival (PFS) for patients having more than 1.6% CD16+ 
T cells (p = 0.02; HR = 0.13 (0.007–0.67)) but an inferior PFS having more than 10.0% CD16+ monocytes (p = 0.0003; 
HR = 16.0 (3.1-291.9)) at diagnosis. Surprisingly, no correlation with NK cells was found. The increased risk of relapse 
in the presence of > 10.0% CD16+ monocytes is reversed by the simultaneous occurrence of > 1.6% CD16+ T 
cells. The unexpectedly strong protective function of CD16+ T cells could be explained by their high antibody-
dependent cellular cytotoxicity as quantified by real-time killing assays and single-cell imaging. The combined 
analysis of CD16+ monocytes (> 10%) and CD16+ T cells (< 1.6%) provided a strong model with a Harrell’s C index 
of 0.80 and a very strong power of 0.996 even with our sample size of 46 patients. CD16 assessment in the initial 
blood analysis is thus a precise marker for early relapse prediction.
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Arbor Stage (III/IV), more than one extranodal site, East-
ern Cooperative Oncology Group (ECOG) working sta-
tus (PS) of ≥ 2 and elevated level of lactate dehydrogenase. 
In addition, appropriate adequate immunophenotyping 

or gene expression profiling determines the cell of origin 
(CEO) (GCB vs. non-GCB). Although several modifica-
tions of the IPI have been proposed since then, the IPI 
remains the standard tool for risk stratification in newly 
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Highlights
 • High CD16+ T cell counts have a positive correlation with PFS in aggressive NHL/DLBCL patients (p = 0.02; 

HR = 0.13, 0.01–0.7).
 • High CD16+ monocyte counts have a negative correlation with PFS in aggressive NHL/DLBCL patients 

(p = 0.0003; HR = 16.0, 3-292).
 • The combined assessment of CD16+ T cells and CD16+ monocytes accurately predicts PFS in aggressive NHL/

DLBCL patients.
 • The strong protective function of CD16+ T cells could be explained by their high antibody-dependent cellular 

cytotoxicity.
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Fig. 1 (See legend on next page.)
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diagnosed DLBCL patients and a better predictive model 
for personalized treatment has not been established yet 
[6].

Risk stratification must be simple, fast, and possible at 
the outset of diagnosis or prior to initiation of therapy to 
enable risk stratification for all patients without further 
loss of time. Here, we demonstrate that CD16 assessment 
of immune cell subsets in the initial blood analysis accu-
rately predicts relapse within 24 months. Surprisingly, 
not CD16+ NK cell counts, but CD16+ T cell counts, a 
very small fraction of T cells, and CD16+ monocytes cor-
relate with patient prognosis. CD16+ T cell counts have 
a positive correlation with PFS in aggressive B-NHL/
DLBCL patients treated with R-CHOP, while CD16+ 
monocyte counts show a negative correlation. Finally, 
the combined assessment of the CD16+ T cell and 
CD16+ monocyte counts further improves the accuracy 
of relapse prediction. This information may help in the 
future to personalize therapy for specific patient groups.

Results
Patient characteristics
We conducted a prospective study analyzing peripheral 
blood samples from 46 patients with newly diagnosed 
non-Hodgkin lymphoma (NHL) at different stages of 
therapy. The majority of patients (85%) were diagnosed 
with diffuse large B cell lymphoma (DLBCL), 13% had 
other forms of high-grade NHL, and one patient had an 
aggressive form of follicular lymphoma that progressed 
to DLBCL. The median age of the patients at diagno-
sis was 67 years (range 22–91 years), and the median 
age of 25 sex- and age-matched healthy controls was 66 
years (range 28–86 years). Patient details are shown in 
Table  1 (Supplementary Table 1). Of the patients, 59% 
had advanced disease (Ann-Arbor stage III-IV). Accord-
ing to the International Prognostic Index (IPI) score, 54% 
of patients were classified as low to intermediate risk (IPI 
0–2) and 46% as intermediate to high risk (IPI 3–5).

The percentage of CD16+ T cells is a better predictor of 
progression-free survival than that of CD16+ NK cells
We performed flow cytometry analysis on purified 
peripheral blood mononuclear cells (PBMC) of newly 
diagnosed NHL patients to determine the percent-
age of CD16+ cells in peripheral blood leukocytes as 
all CD16+ cells can bind to rituximab and potentially 
affect the course of therapy. We found no difference in 
the percentage of CD16+ natural killer (NK) cells within 
the CD45 + leukocyte population between NHL patients 
and healthy controls (median 9.0% vs. 8.0%, p = 0.93; 
Fig.  1A). The analysis of progression-free survival (PFS) 
revealed no significant difference between patients with 
a high percentage (> 9.7%) and those with a low percent-
age (< 9.7%) of CD16+ NK cells (p = 0.86, HR = 1.0 (95% 
CI: 0.3-3.0); Fig.  1B). Next, we analyzed the percentage 
of CD16+ T cells in the CD45 + leukocyte population, 
which is only a small fraction of 1.5% in healthy patients 
(CD45 + CD3 + CD16+) and shows variable expression of 
CD4, CD8, and/or CD56 (Supplementary Fig.  1). Simi-
lar to the CD16+ NK cell population, we also found no 
difference in the percentage of CD16+ T cells between 
patients at diagnosis and healthy controls (median 1.1% 
vs. 1.5%, p = 0.27; Fig. 1C).

Compared to CD16+ NK cells, CD16+ T cells express 
significantly less CD16 as indicated by the median fluo-
rescence intensity (MFI) (Supplementary Fig.  2). How-
ever, unexpectedly, we found that patients with a higher 
percentage of CD16+ T cells (> 1.6%) had a significantly 
better PFS as shown in the Kaplan-Meier survival curves 
(p = 0.02; HR = 0.13 (95% CI: 0.01–0.67); Fig.  1D). This 
prediction of PFS is not possible without the addition 
of CD16 (Supplementary Fig.  3). The additional analy-
sis of the individual IPI score showed no difference in 
the percentage of CD16+ T cells in patients with low to 
intermediate risk (IPI 0–2) values compared to patients 
with intermediate to high risk (IPI 3–5) values (p = 0.51; 
Fig.  1E). In addition, Cox regression analysis con-
firmed that patients with a high percentage of CD16+ 
T cells (> 1.6%) have a clear PFS advantage, even when 

(See figure on previous page.)
Fig. 1 A high percentage of CD16+ T cells positively predicts patient outcome. A) Percentages of CD16+ NK in aggressive B-NHL patients (patient, n = 46) 
at diagnosis compared to healthy controls (HC, n = 25). B) Kaplan-Meier survival curve over 24 months. Progression-free survival (PFS) for high (> 9.7%) 
and low (< 9.7%) percentages of CD16+ NK cells at diagnosis. C) Percentages of CD16+ T cells in aggressive B-NHL patients at diagnosis (patient, n = 46) 
compared to healthy controls (HC, n = 25). D) Kaplan-Meier survival curve over 24 months. PFS for high (> 1.6%) and low (< 1.6%) percentages of CD16+ T 
cells at diagnosis. E) Percentages of CD16+ T cells at diagnosis according to patient’s IPI (IPI 0–2, n = 25; IPI 3–5, n = 21). F) Cox proportional hazard analysis 
of high (> 1.6%) and low (< 1.6%) percentages of CD16+ T cells at diagnosis in relation to IPI over 24 months. G) Percentages of CD16+ T cells and CD16+ 
NK cells at diagnosis and during therapy, (the number of patients (n) for each population (in the order given on the x-axes) n = 46, 46, 26, 26, 22, 22). H) 
Representative lysis capacity of NK and T cell populations (below) of one patient concerning their respective percentages of CD16+ cells (above). NK and 
T cells were isolated and lysis capacity was measured using a population-based real-time killing assay. The shown effector to target cell ratio (E: T) is 2:1. 
Percentages of CD16+ cells within the NK and T cell populations were quantified by flow cytometry. I) Quantification of antibody-dependent cytotoxic-
ity (ADCC) in relation to the percentage of CD16+ NK (NK, n = 22) or CD16+ T cells (T cell, n = 22) within the whole NK or CD3 + T cell population. ADCC 
capacity corresponds to the difference between the lysis of target cells with rituximab (+ RTX) and without rituximab (-RTX). J) Representative images of 
rituximab-dependent ADCC by sorted CD16+ NK and CD16+ T cells at single cell level against TMD8 pCasper cells. Scale bars are 20 μm. K) Quantification 
of ADCC of sorted cells from four patients at different stages of therapy. HR hazard ratio; CI confidence interval; In Kaplan-Meier survival curves black marks 
represent censored patients; ns non-significant; * p < 0.05; *** p < 0.001; **** p < 0.0001
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controlling for their individual IPI (Fig. 1F; high percent-
age of CD16+ T cells: HR = 0.12, p = 0.04; 95% CI: 0.02–
0.93; high IPI: HR = 2.7, p = 0.08; 95% CI: 0.89–8.4). In 
patients with a low percentage of CD16+ T cells, those 
with high IPI scores showed worse PFS than those with 
low IPI scores (Fig.  1F).  Thus, the elevated percentage 
of CD16+ T cells is an independent prognostic marker 
for improved PFS in patients with aggressive B-NHL/
DLBCL.

CD16+ T cells are less sensitive to chemotherapy and 
exhibit a faster and more effective ADCC capacity than 
CD16+ NK cells
The remarkable observation that the percentage of 
CD16+ T cells has a greater impact on the PFS of patients 
than the percentage of CD16+ NK cells, raises the ques-
tion how this could be explained. So far, it has been gen-
erally assumed that NK cells are the primary mediators of 
antibody-dependent cellular cytotoxicity (ADCC). This 
assumption is rationally based on the fact that the per-
centage of CD16+ NK cells is much higher than that of 
CD16+ T cells at the time of diagnosis (median 9.0% vs. 
1.4%; Fig. 1G). In addition, we analyzed the percentage of 
CD16+ NK cells and CD16+ T cells not only at the time 
of diagnosis but also under therapy. These results show 
that the percentage of CD16+ NK cells decreases signifi-
cantly until cycle 3–4 of R-CHOP therapy (p < 0.0001) 
with a large effect size of 1.12 (Cohen’s d) whereas the 
percentage of CD16+ T cells decreases to a lesser extent 
as demonstrated by the small effect size of 0.16 (Cohen’s 
d). Remarkably, the CD16+ T cell population recovers 
completely at the end of therapy unlike the CD16+ NK 
cells (Cohen’s d -0.16 vs. 0.44, respectively). As a conse-
quence, the difference between the percentage of CD16+ 
NK cells and CD16+ T cells at the end of therapy was 
significantly smaller than at the beginning of therapy 
(median 9.0% CD16+ NK cells vs. median 1.4% CD16+ 
T cells; p < 0.0001 at diagnosis vs. median 3.5% CD16+ 
NK cells vs. median 2.4% CD16+ T cells, p = 0.05 at the 
end of therapy; Fig. 1G). Calculating the absolute counts 
of CD16+ NK and CD16+ T cells per µl of blood showed 
similar results (Supplementary Fig.  4). To gain func-
tional insights into the potential mechanism by which 
CD16+ T cells are more relevant for the prognosis than 
CD16+ NK cells, we compared their respective efficiency 
regarding ADCC. For this purpose, we isolated NK and 
CD3 + T cells using magnetic beads and used them in an 
ADCC cytotoxicity assay. One representative example of 
an ADCC cytotoxicity assay of a patient’s entire NK and 
T cell population and the determination of the respec-
tive percentage of CD16+ cells within the total popula-
tion analyzed by flow cytometry is shown in Fig. 1H. In 
the example of the NK population, 90% CD16+ NKs kill 
about 45% of the target cells after 4 h, whereas in the T 

cell population, only 10% CD16+ T cells kill about 20% 
of the target cells after 4 h. This means that the CD16+ 
T cells in this example are about 4 times more efficient. 
Based on the measured lysis capacity of the whole NK 
and T cell population and the percentage of CD16+ cells 
in the respective population, we calculated the ADCC 
capacity of the CD16+ cells for all patients, which were 
functionally analyzed. This calculation demonstrated 
that CD16+ T cells have an approximately 8-fold greater 
ADCC capacity than CD16+ NK cells (median 1.3 vs. 
0.16; p < 0.0001; Fig.  1I). To further test the observation 
of increased cytotoxicity of CD16+ T cells, we sorted 
CD16+ T cells and CD16+ NK cells by flow cytometry for 
direct comparison at the single-cell level. As a target cell 
we used the DLBCL cell line TMD8 transduced with the 
GFP-RFP-FRET system (pCasper-GR). This assay allows 
single-cell analysis and distinguishes the mode of tar-
get cell death: apoptotic, primary necrotic or secondary 
necrotic [7]. The single-cell analysis of sorted CD16+ T 
cells and CD16+ NK cells demonstrated that the CD16+ 
T cells kill their target cells more efficiently by ADCC 
compared to the CD16+ NK cells as evidenced by green-
fluorescent target cells (apoptotic cell death) and target 
cells which have lost their fluorescence (necrotic cell 
death) (Fig.  1J). Quantitative analysis reveals that this 
is primarily due to the faster kinetics of target cell lysis 
by the CD16+ T cells (Fig. 1K). We hypothesize that the 
positive correlation of a high percentage of CD16+ T cells 
on PFS is explained by a higher chemoresistance and an 
improved ADCC capacity of the CD16+ T cells com-
pared to CD16+ NK cells.

Elevated levels of CD16+ monocytes are associated with 
reduced progression-free survival
Unlike the percentage of CD16+ NK cells and CD16+ 
T cells which were similar between patients and 
healthy controls, the percentage of CD16+ mono-
cytes (CD14 + + CD16+ (intermediate monocytes) or 
CD14 + CD16++ (nonclassical monocytes)) within the 
CD45+ leukocyte population was significantly higher 
in NHL patients at diagnosis compared to healthy con-
trols (median 10.0% vs. 4%, p < 0.0001; Fig.  2A). Strik-
ingly, patients with an increased percentage of CD16+ 
monocytes (> 10%) revealed a significantly worse PFS 
(p = 0.0003; HR = 16.0 (95% CI 3.1-291.9); Fig. 2B), which 
is not the case when analyzing the total monocyte popu-
lation (Supplementary Fig.  3). Considering the patient’s 
individual IPI, we found that those patients classified as 
intermediate to high risk had significantly higher per-
centages of CD16+ monocytes compared to those classi-
fied as low to intermediate risk (median 15.7% vs. 9.9%, 
p = 0.003; Fig. 2C).

To exclude the possibility that the IPI is not solely 
responsible for impaired PFS in patients with a high 
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Fig. 2 A high percentage of CD16+ monocytes negatively predicts patient outcome. A) Percentage of CD16+ monocytes (CD14 + + CD16+ (intermedi-
ate monocytes) or CD14 + CD16++ (nonclassical monocytes)) in aggressive B-NHL patients (patient, n = 46) at diagnosis compared to healthy controls 
(HC, n = 25). B) Kaplan-Meier survival curve over 24 months. Progression-free survival (PFS) for high (> 10%) and low (< 10%) percentages of CD16+ mono-
cytes at diagnosis. C) Percentage of CD16+ monocytes at diagnosis according to patient’s IPI. (IPI 0–2, n = 25; IPI 3–5, n = 21). D) Cox proportional hazard 
analysis of high (> 10%) and low (< 10%) percentages of CD16+ monocytes at diagnosis in relation to IPI over 24 months. E) Representative staining of 
monocyte phagocytosis isolated from PBMC of a healthy donor. Monocytes were stained with anti-CD14 antibody and the target cell line WSU-DLCL2 
with anti-CD19 antibody, co-cultured for 6 h without rituximab (-RTX) or with rituximab (+ RTX) and analyzed by flow cytometry. F) Percentage of mono-
cytes that phagocytosed WSU-DLCL2 cells after co-culture of monocytes with WSU-DLCL2 cells for 6 h with (+ RTX) or without rituximab (-RTX); n = 10. 
G) Percentage of PD-L1+ monocytes after phagocytosis of WSU-DLCL2 cells (ADCP+) and monocytes without phagocytosing WSU-DLCL2 cells (ADCP-); 
n = 10. H) Kaplan-Meier survival curve over 24 months. PFS for patients with an IPI 0–2 or an IPI 3–5. I) Cox proportional hazard analysis of high (> 10%) and 
low (< 10%) percentages of CD16+ monocytes at diagnosis adjusted for high (> 1.6%) and low (< 1.6%) percentages of CD16+ T cells at diagnosis. CD16+ 
monocytes < 10%, CD16+ T cells < 1.6% (n = 13); CD16+ monocytes < 10%, CD16+ T cells > 1.6% (n = 10); CD16+ monocytes > 10%, CD16+ T cells < 1.6% 
(n = 18); CD16+ monocytes > 10%, CD16+ T cells > 1.6% (n = 5). J) Kaplan-Meier survival curve over 24 months. PFS for patients with a high percentage of 
CD16+ monocytes (> 10%) in combination with a low percentage of CD16+ T cells (< 1.6%) at diagnosis (light blue, yes) compared to patients without 
this combination (purple, no). In Kaplan-Meier survival curves, black marks represent censored patients. ns non-significant; ** p < 0.01; *** p < 0.001; **** 
p < 0.0001
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percentage of CD16+ monocytes, we conducted a Cox 
regression analysis adjusted for IPI (high percentage 
of CD16+ monocytes: HR = 14.5, p = 0.01; 95% CI: 1.8-
116.5; high IPI: HR = 1.2, p = 0.7; 95% CI: 0.4–3.9; see also 
Fig. 2D). This analysis clearly shows that a higher percent-
age of CD16+ monocytes is correlated with a poorer PFS, 
with only a minor influence of the patient’s individual 
IPI. Patients with a low percentage of CD16+ monocytes 
(< 10%), showed a significantly better PFS even if their IPI 
classification was high and almost comparable to those 
with a low IPI (and a low percentage of CD16+ mono-
cytes) (Fig. 2D). In conclusion, the percentage of CD16+ 
monocytes is a strong, independent prognostic marker 
for an impaired PFS in NHL patients. To gain functional 
insights why increased CD16+ monocyte counts predict 
poorer outcome, we performed a co-culture experiment 
with WSU-DLCL2 tumor cells to analyze rituximab-
dependent phagocytosis (ADCP) of CD16+ monocytes. 
For this purpose, purified, fluorescently labeled mono-
cytes from healthy donors were co-cultured for 6  h 
with fluorescently labeled tumor cells in the presence or 
absence of rituximab. Finally, we determined the percent-
age of tumor cells that were phagocytosed by the mono-
cytes calculated on double-positive cells (Fig.  2E). As 
expected, we observed a significant increase in tumor cell 
phagocytosis by monocytes in the presence of rituximab 
(10.0% vs. 57.6%, p < 0.0001; Fig.  2F). However, we also 
observed that the percentage of PD-L1-positive mono-
cytes significantly increased when monocytes had phago-
cytosed tumor cells (median 8.5% vs. 15.2% p = 0.0006; 
Fig. 2G). If rituximab administration would also correlate 
with upregulation of PD-L1 in CD16+ monocytes in vivo 
after rituximab-mediated tumor cell phagocytosis, NK 
and T cell activity would be inhibited. This in turn may 
explain the worse PFS of these patients due to the impair-
ment of the key mediators of ADCC.

A high percentage of CD16+ T cells can overcome the 
reduced progression-free survival in patients with a high 
percentage of CD16+ monocytes
As the patient’s IPI is still the standard tool for risk strati-
fication in newly diagnosed aggressive B-NHL/DLBCL 
patients, we analyzed PFS of patients dependent on their 
IPI. Kaplan-Meier survival curves show only a tendency 
but no significance for an impaired PFS in patients with 
higher IPI (Fig. 2H) which is most likely due to our small 
study size (n = 46). However, if we consider only high 
(4–5) and low (0–1) IPI, patients with high IPI (4–5) 
show a significantly impaired PFS (Supplementary Fig. 5, 
p = 0.01; HR 6.4; 95% CI 1.4–44.7). Importantly, this 
analysis does not provide any prognostic information 
for patients with intermediate IPI (2 or 3). Given the sig-
nificant changes in patient’s PFS, depending on percent-
ages of CD16+ T cells or CD16+ monocytes (Figs.  1D 

and 2B), we combined these two populations in a Cox 
regression analysis. This shows that only patients with a 
high percentage of CD16+ monocytes (> 10%) and a low 
percentage of CD16+ T cells (< 1.6%) have a significantly 
impaired PFS (Fig.  2I, J). A high percentage of CD16+ 
monocytes (> 10%) only slightly negatively influences 
the patient’s PFS if the percentage of CD16+ T cells is 
higher than 1.6%. The risk of an impaired patient’s PFS 
is low when both populations are low (CD16+ mono-
cytes < 10% and CD16+ T cells < 1.6%). Patients with a 
high percentage of CD16+ T cells and a low percentage 
of CD16+ monocytes have almost no risk of a negative 
impact on PFS (Fig. 2I). It is noteworthy that only 5 out of 
46 patients have a high percentage of CD16+ monocytes 
(> 10%) combined with a high percentage of CD16+ T 
cells (> 1.6%). This suggests that these subpopulations are 
not independent of each other. Noteworthy, even with 
only five patients in one group, the Kaplan-Meier survival 
analysis of the two groups (CD16+ monocytes > 10%; 
CD16+ T cells < 1.6% (n = 18) or CD16+ monocytes > 10%; 
CD16+ T cells > 1.6% (n = 5)) yielded a p-value of 0.07, 
which is close to the threshold of statistical significance. 
This further supports the conclusion that CD16+ T cells 
positively correlate with patient’s PFS. Combing the 
CD16+ T cell/CD16+ monocyte analysis with IPI did not 
enhance the prognostic value (Supplementary Fig. 6).

To emphasize the power of the combination of CD16+ 
T cells and CD16+ monocytes as a strong prognostic 
marker, we compared two groups in a Kaplan-Meier sur-
vival analysis. We combined in the one group patients 
with a high percentage of CD16+ monocytes (> 10%) and 
a low percentage of CD16+ T cells (< 1.6%) (n = 18, light 
blue). In the second group, we pooled all other possible 
combinations (n = 28, purple). The patients with a high 
percentage of CD16+ monocytes (> 10%) and a low per-
centage of CD16+ T cells (< 1.6%) have a median survival 
of only 11 months whereas 91% of the patients without 
this combination remained in remission until the end of 
our 24-month observation period (p = < 0.0001; Fig.  2J). 
The HR for patients with more than 10% CD16+ mono-
cytes and less than 1.6% CD16+ T cells was 13.9 with a 
95% CI of 3.7–90.2 (Fig. 2J). Furthermore, the Harrell’s C 
index was calculated to be 0.80 (95% CI: 0.71–0.88) indi-
cating a good fit of our risk model.

In the present study, we offer new ways to accurately 
assess the risk of aggressive B-NHL/DLBCL patients at 
the time of diagnosis. In summary, even with the limited 
number of 46 patients, we have already achieved a power 
of 0.996 for the combined analysis of CD16+ monocytes 
and CD16+ T cells (α = 0.05).

The required analysis can be performed fast and rela-
tively easy using standard hospital laboratory methods 
and thus offers the possibility to optimize personalized 
therapy at the time of diagnosis.
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Discussion
This study has identified a novel prognostic marker for 
risk assessment in aggressive B-NHL/DLBCL patients. 
At the time of diagnosis, the combination of CD16+ 
monocytes and CD16+ T cells is a significant predictor 
of relapse probability, with a hazard ratio of 13.9 (95% CI: 
3.7–90.2; p < 0.0001). The combined analysis of CD16+ 
monocytes (> 10%) and CD16+ T cells (< 1.6%) resulted 
in a very strong power of 0.996 even with our relatively 
small sample size of 46 patients. However, we see two 
limitations: (1) The study was performed using peripheral 
blood mononuclear cells (PBMCs) purified from blood 
samples. Future studies should be conducted using whole 
blood analyses. This approach would facilitate standard-
ization while minimizing laboratory time and costs at the 
time of diagnosis. (2) Validation of the results in a larger 
patient cohort is not yet available.

The required numbers can be determined as part of 
the standard blood collection from patients at the time 
of diagnosis, with the simple additional step of flow cyto-
metric staining, which includes the antibodies CD45, 
CD14, CD3, and CD16. While the combined analysis of 
CD16+ monocytes and CD16+ T cells is indicative of the 
relapse probability, the percentage of CD16+ T cells alone 
(> 1.6% CD16+ T cells) is a protective predictor for the 
PFS of patients (over 24 month).

A high amount of monocytes has long been discussed 
as a marker of poor patient outcome for hematologi-
cal and non-hematological malignancies [8, 9]. Similar 
results were found in further studies [10–12]. In these 
studies, the analysis of the patients’ blood did not dis-
tinguish whether rituximab was added to the therapy 
or not, and the number of CD16+ monocytes was not 
determined separately. Reviewing 1,057 DLBCL patients 
revealed that a high lymphocyte/monocyte ratio was 
highly predictive of better outcome and event-free sur-
vival only in those patients who also received rituximab 
compared to chemotherapy alone [13]. Subsequently, it 
was demonstrated that CD16+ monocyte subtypes can 
also predict the prognosis of DLBCL patients. In a study 
with a comparable number of patients, Han et al. found 
a significantly increased number of CD16+ monocytes 
in DLBCL patients. Le Gallou et al. analyzed monocyte 
subtypes in more detail and also found an elevated pro-
portion of nonclassical monocytes (CD14+/CD16++) in 
the peripheral blood to be negatively associated with an 
adverse prognosis of DLBCL patients [14].

However, to the best of our knowledge, no studies have 
yet been published on the specific function of CD16+ 
T cells in aggressive B-NHL/DLBCL and there is cur-
rently no evidence of any association between the pres-
ence of CD16+ T cells and the progression-free survival 
of aggressive B-NHL/DLBCL patients. However, it was 
shown that high frequencies of CD16-expressing γδ T 

cell infiltration in tumor tissue positively correlates with 
clinical outcome [15].

Our findings demonstrate a protective role for the 
CD16+ T cell population in patients with aggressive 
B-NHL. Specifically, we found that patients with more 
than 1.6% CD16+ T cells (as a percentage of CD45 + leu-
kocytes) at diagnosis had not only a significantly better 
PFS (Fig. 1D) but were also able to overcome impairment 
of PFS for patients with a high proportion of CD16+ 
monocytes (Fig. 2I, light and dark blue curves).

The combined analysis of both subpopulations, CD16+ 
T cells and CD16+ monocytes, has the potential to offer 
a more personalized medicine for patients with newly 
diagnosed aggressive B-NHL/DLBCL. The results of 
this study provide a rationale for investigating whether 
patients diagnosed with aggressive B-NHL/DLBCL 
could receive either reduced or more intensive therapy, 
depending on the results of flow cytometry at the initial 
blood analysis simply by adding the anti-CD16 antibody 
to the respective standard panel. This addition of anti-
CD16 antibodies allows a precise statement as to whether 
patients have a relapse (CD16+ monocytes > 10%, CD16 
T cells < 1.6%) or a dramatically reduced risk of relapse 
(CD16+ monocytes < 10%, CD16+ T cells > 1.6%).
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