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Survival of castration-resistant prostate cancer patients
treated with dendritic-tumor cell hybridomas is negatively
correlated with changes in peripheral blood
CD56PM8htCD16~ natural killer cells

Dear Editor,

We investigated the clinical outcome of treating
castration-resistant prostate cancer (CRPC) patients
with autologous immunohybridoma cell (aHyC) vaccine
generated by electrofusing autologous dendritic (DC) and
tumor cells (TC), and tested whether the immunological
response, involving the CD56PM8MCD16~ natural killer
(NK), putative pro-metastatic cells,"”> correlates with
survival of CRPC patients. The results demonstrated
that aHyC treatment is safe and prolongs patient sur-
vival correlating with a decrease in peripheral blood
CD56™8MCD16~ NK cells.

Despite advances in cancer immunotherapy, the only
approved CRPC immunotherapy to date is a cell-based
vaccine (sipuleucel-T),> with a single antigen-specific
response induction mechanism, consisting of a small frac-
tion of DC markers. DCs are able to activate both naive
and memory T cells, ideally suited for augmenting antitu-
mor immune responses.4 Consistent with this, vaccination
with enriched blood-derived DCs loaded with three tumor-
associated antigens resulted in more frequent detection of
antigen-specific T cells in CRPC patients.’

Here, whole TCs were electrofused with DCs to pro-
duce aHyC vaccine.® The advantage of such hybrido-
mas is their capacity of presenting both known and yet
unknown tumor-associated antigens to T-lymphocytes.
We used aHyC vaccine to treat chemotherapy-naive CRPC
patients in a phase 1/2 randomized, placebo-controlled
crossover trial to test primary outcomes—feasibility, safety,
and quality of life (QL)—and also to evaluate clinical and
immunological outcomes with overall survival (OS).

Twenty-two men with CRPC were included (Table S1,
Figure S1);19 of them were treated with all four doses of the
aHyC vaccine, either in first (aHyC-first group, n =12) or in
the second (placebo-first group, n = 10) trial session. Both

groups were balanced with respect to most of the other con-
sidered variables (Table S2).

The treatment with aHyC revealed only a few and mild
(grade 1) intervention-related adverse events (AEs; Fig-
ure 1A-C), and did not cause additional or more fre-
quent AEs than placebo, indicating that recorded AEs were
not directly related to the aHyC application. None of the
patients required hospitalization. Renal and liver func-
tions remained stable during and after the aHyC treatment.
These results show that the treatment of CRPC patients
with aHyC is feasible and safe.

QL was unchanged with aHyC treatment (QL scored
64.0 + 3.7 before vs. 65.5 + 4.5 after the first aHyC treat-
ment; P = 0.67). Different modes of functioning, all scor-
ing above 80 (Figure 1D), and various symptoms (scor-
ing below 40; Figure 1E) were also comparable before and
after treatment, indicating that the aHyC treatment did not
affect the patients’ overall wellbeing. The demonstrated
safety/nontoxicity is consistent with the completely autol-
ogous nature of aHyC.

The baseline median prostate-specific antigen (PSA)
value was higher in the aHyC group (8.9 ng/ml; interquar-
tile range [IQR] = 5.6-23.7 ng/ml) than in the placebo-
first group (4.3 ng/ml; IQR = 3.9-7.7 ng/ml; Figures 2 and
S3), as reported.” The median PSA progression time (PSA-
P) and median PSA doubling time (PSA-DT) from first
aHyC/placebo application (Table S2) were not significantly
different between the two groups. High-sensitivity CRP, an
inflammatory marker, was higher in the aHyC-first group
(Figure 2B), which correlates with the kinetics of the PSA
values (Figure 2A). In trials with DC vaccines, as well as in
this study, there was no correlation between survival and
PSA levels measured at different time points (not shown),
likely due to the relatively delayed clinical response after
immunotherapy compared with cytotoxic therapy.®
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FIGURE 2 The analysis of prostate-specific antigen (PSA), C-reactive protein (CRP), and [*®F]fluorocholine PET-CT lesions. Graphical

presentation of clinical parameters: PSA (A) and CRP (B) over the trial period, with numerical values (C). Following aHyC treatment, PSA
decreased transiently in nine patients and permanently in one patient, but median serum PSA levels determined at several time points
increased after aHyC and placebo. Time points compare median values in each group, including at the time of CRPC diagnosis (12 weeks), at
the baseline (at first application, time 0), just before the crossover (17 weeks), around the time of the last application (23 weeks), and 4 months
after it (40 weeks). In each group, one patient was excluded from this analysis (death and chemotherapy). Interquartile ranges are omitted for
clarity but are given in Table (C). Dotted vertical lines denote the time of first applications: at the beginning of the trial and at the crossover;
horizontal bars denote the length of the first (1) and second (2) application rounds. (D) Average (solid lines) and individual (dashed lines, for
n < 5) standardized uptake values (SUVs) of lesions visualized by [*F]fluorocholine PET-CT in prostate, skeleton, and lymph nodes (LNN)
shown at three measured time points: just before the first application of placebo or aHyC, at the time of crossover, and after concluding the
second round of treatment in the crossover phase. Data were analyzed only in patients with lesions in a certain region. Error bars are SEM
and are shown only in the positive direction for transparency. Paired and unpaired Student’s t-tests were used, as appropriate. The asterisk
denotes a statistically significant difference between both groups (P < 0.05)

The standardized uptake values (SUVs) of in the lymph nodes and skeleton (one patient), and a

['8F]fluorocholine PET-CT scans showed improve-
ments in individual patients after treatment with aHyC.
In the aHyC group, a continuous decrease in SUV was
observed in the prostate (two patients; Figure S4) and

transient SUV decrease in the prostate (six patients) and
in the skeleton (two patients). In the placebo-first group,
the SUV decreased transiently in four patients. There were
no significant differences in the average SUVs between
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TABLE 1 Peripheral blood leukocyte populations monitored during the trial
Placebo-first (n = 8) aHyC-first (n = 12) P (placebo vs. aHyC)
After After
Baseline application Baseline application After
(%) (%) (%) (%) Baseline application
Total CD3* T cells? 73.9+3.1 77.0 + 2.5* 74.8 +2.4 76.7 + 2.2*%* 0.81 0.93
Total CD4™ T cells” 64.0 +3.4 62.7 +3.2 65.6 + 5.4 64.1+54 0.82 0.85
CD25+*+CDI127"°% 7.0+ 0.8 7.6 + 0.6 7.1+ 0.6 8.3+ 0.6* 0.94 0.44
(Treg)!
CD4*CD69* P 53+0.6 7.7+1.0 53+0.7 7.4 + 0.9** 0.95 0.79
CD4*CD152+ P 6.9 +22 57+1.2 73+25 4.6 +0.6 0.91 0.37
Total CD8* T cells® 311+35 320+27 30.5+4.9 32.0+5.0 0.93 1.00
CD8*CD69* P 31+0.8 43+11 3.7+0.9 3.2+0.6 0.66 0.40
CD8*CDI152* © 21+03 2.6 +0.8 22+05 1.5+0.2 0.86 0.21
Total NK cells? 18.2 +£2.5 158 £2.0 16.5+1.8 15.3 + 1.6* 0.57 0.85
CD56d™CD16% © 87.9 £2.0 83.9+25 89.2+1.7 87.9 £1.6 0.63 0.17
49+09 8.1+ 1.3* 45+0.7 52+0.6 0.75 0.04*
CD56b" 8™ CD16™
Total NKT cells® 91+17 9.7+1.6 9.4+25 11.8 £ 2.6 0.92 0.57
CD25TCD4t 2 151+ 0.9 16.0 £1.0 191+28 18.0 £2.3 0.20 0.45
CD19% (B cells)? 7.6 +£0.9 71+1.0 83+11 7.7+£1.0 0.68 0.69
CD4* T cells® 471 + 2.7 481+24 48.5+3.8 48.5+3.8 0.79 0.93
CDS8™* T cells® 231+3.0 248 +2.5 23.4+43 25.1 + 4.5* 0.96 0.95

Note: After application: after completing the firstapplication round, that is, four applications of aHyC or placebo; bold values: significant differences compared to
baseline values or between the two groups. *P < 0.05, **P < 0.01 compared to baseline (paired t-test) or between groups (Student’s ¢-test).

2Percentage of cells relative to all lymphocytes.
bPercentage of cells relative to CD3* cells.
“Percentage of cells per all NK cells.
dPpercentage of cells relative to all CD4* cells.

the two groups (Figure 2D). The SUV appears to have
stabilized in the prostate and skeleton 6 months after
the first aHyC treatment, but not in the lymph nodes
(Figure 2D).

Peripheral blood leukocytes were monitored regularly
during the trial (Table 1). At baseline, the levels of all
cell populations were similar between the two groups.
After the first trial session, the total CD3* T cells
increased in both groups. However, an increase in reg-
ulatory CD25%*+CD127'°V, activated helper CD4*CD69,
and cytotoxic T cells (CD8%) and a decrease in total NK
cells compared to baseline were recorded only in aHyC-
first group (Table 1). Between treatment groups, a signif-
icant change was observed only in CD56"8"CD16~ NK
cells, the level of which was significantly lower in the
aHyC- versus the placebo-treated patients (P = 0.04; Fig-
ure 3A,B). Human NK lymphocytes are involved in anti-
tumor immunity, and CD56"180tCD16~ NK cells are con-
sidered immunoregulatory cytokine-producing cells, rep-
resenting 5%-10% of all NK cells in peripheral blood.” The
levels of counterpart CD564™CD16* NK cells were unal-
tered compared to baseline in both groups. These results

indicate that the application of aHyC affects the immune
system through NK cell subpopulation, consistent with
observations in other cancers.'?

Survival analysis included all patients who received
all four doses of aHyC vaccine (n = 19) and was deter-
mined from the first application of aHyC to the cutoff
date or the patient’s death (any cause). The median OS
was 58.5 months (95% confidence interval [CI], 38.8-78.2;
Figure 3C). The incidence of any cause of death was 58%
(11 patients). Cancer-specific survival was 75.7 months
(95% CI, 41.1-110.4). Compared to previous publication,’
aHyC treatment demonstrated to be beneficial for patient
survival, especially since seven patients (37 %) were ini-
tially diagnosed with a less responsive, metastatic disease.

Negative correlation between the survival time and
change in the CD56°"8"CD16~ fraction of NK cells at the
end of the trial (Figure 3D, r = -0.80, 95% CI, —0.95 to -
0.34, P = 0.005) suggests that a relatively high increase
in peripheral CD56"" 8" CD16~ NK cells shortens survival.
Similarly, a negative correlation between the abundance of
CD56"18MCD16~ NK cells and OS in melanoma patients
was observed.!’
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FIGURE 3 Survival of aHyC-treated patients correlates with changes in peripheral blood CD56""8"'CD16~ natural killer cells. During
the trial, the CD56""8"CD16~ subpopulation of natural killer (NK) cells was measured in the blood samples as the percentage of all NK cells.
(A) Changes in the percentage of the CD56"#"CD16~ NK cell subpopulation in the placebo-first (left columns) and in the aHyC-first groups
(right columns) at baseline (open columns; time period of up to 4 months before the first application) and before the crossover (black
columns). Note that the CD56"€"CD16~ fraction of NK cells significantly increased only in the placebo-first group compared to baseline. (B)
Relative change (%) in CD56"#"'CD16~ NK cell subpopulation relative to baseline after placebo and aHyC application, respectively. Bars
represent mean values with SEM, and the numbers of patients are shown within the bars. Paired and unpaired Student’s ¢-tests were used, as
appropriate, *P < 0.05. (C) Kaplan-Meier plot of overall survival (OS) with 95% confidence interval (gray curves) in all patients who were
treated with aHyC (n = 19). Survival time was measured from the first application of aHyC until cutt-off date or death. Black symbols denote
censored subjects; dotted lines denote median value, n (%) denotes the numbers of patients at risk. (D) The correlation between survival time
of deceased patients (n = 10; from PCa—black symbols, other causes—open symbols) and changes in percentages of CD56""€"CD16~ NK
cells relative to baseline, determined after the crossover. r represents Pearson correlation coefficient. The regression line is of the form:
Survival time [months] = (-8.8 + 0.3 [months/%]) x change in CD56""8"'CD16~ NK cells [%] + (45.3 + 4.6 [months])

In conclusion, these results indicate that aHyC treat- support by Interreg EU project INTERREG Italia-Slovenija
ment attenuates an increase in CD56"1€MCD16~ NK Immuno-Cluster.
cell subpopulation in peripheral blood, benefiting CRPC
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in the Supporting Information section at the end of the
article.



	Survival of castration-resistant prostate cancer patients treated with dendritic-tumor cell hybridomas is negatively correlated with changes in peripheral blood CD56brightCD16 natural killer cells
	ACKNOWLEDGMENTS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	CONFLICT OF INTEREST
	FUNDING INFORMATION
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


