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Abstract

Androgen deprivation therapy (ADT) is known to cause a decline in hemog-
lobin (Hgb), but the effect on other blood parameters is less well studied. In
the lab, androgen manipulation has an effect on leukocyte counts. We eva-
luated the effects of androgen ablation alone on Hgb, white blood cell (WBC),
granulocyte, and lymphocyte counts in 99 prostate cancer patients. In addi-
tion, since radiation therapy decreases those counts, we evaluated whether the
addition of ADT makes it worse, comparing 162 patients receiving both radi-
ation and ADT to 149 patients with radiation alone. ADT alone did signifi-
cantly (but minimally) cause a drop in the Hgb (~0.5 g/dl), the WBC (-0.39 x
10°/ul) and granulocyte (—0.32 x 10°/pl), but not the lymphocyte counts. The
combination of ADT with radiation did cause a greater decline in the Hgb le-
vels at the end of treatment, but at follow up there was no difference. There
was no additional effect on WBC, granulocytes or lymphocyte counts. Our
results confirm clinically that ADT alone has minimal effect on WBC and its
components and that there is no synergistic detriment of androgen ablation
on the effects of radiation therapy on those cells.
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1. Introduction

Androgen deprivation therapy (ADT) has been shown to cause a decline in he-
moglobin, leading to anemia in some patients [1] [2]. The exact mechanism re-
mains uncertain [3]. The effect on other blood parameters such as white blood
cell (WBC) counts is less well studied. Laboratory data show [4] that there are

androgen receptors on leukocytes, raising the possibility of positive or negative
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effects. Mice lacking androgen receptors have been shown to have neutropenia
with risk of infection [5]. It has also been shown that androgens can affect lym-
phocyte counts [6], although in humans there has minimal documented effect.
Despite its wide spread use, there is minimal clinical data on the effect of andro-
gen deprivation on overall leukocyte (white blood cell), granulocyte (neutrophil)
or lymphocyte counts. The question remains relevant with the current interest in
enhancing the immunotherapy approaches to cancer treatment. With the wide-
spread use of androgen ablation in prostate cancer, it raises the question as to
the effects of androgen ablation on leukocyte counts and whether such treatment

enhances the suppressive effects of radiation therapy on those parameters.

2. Material and Methods

The transition to intensity modulated radiation therapy (IMRT) has changed the
radiation dose distribution throughout normal tissue. While allowing a more
focal delivery of the higher doses of radiation, the tradeoff is to deliver smaller
doses to a larger volume. The larger radiation fields expose more normal tissue
to radiation. Given the unknown consequence of this and in consideration of the
known effect of radiation on blood components, we started routinely collect-
ing complete blood counts (CBC) on our prostate cancer patients who were
receiving lymphatic (pelvic) radiation therapy. With institutional review board
approval, we performed this retrospective review of prospectively collected
(2014-2019) data. Complete blood counts were collected pretreatment and dur-
ing the last week of treatment. Given the observation that there was an obvious
decline in leukocytes (white blood counts, WBC) early on, we collected blood at
the 3-month follow up visit to document recovery. Some of these patients had
been started on neoadjuvant androgen ablation. This universally consisted of
leuprolide injections; a few patients also received an antiandrogen short term.
For those that were started on ADT in the radiation oncology clinic, a complete
blood count was usually collected before starting. Our analysis is on the effect of
androgen ablation alone on leukocyte (specifically granulocyte and lymphocyte)
counts and whether androgen ablation enhanced the detrimental effects of radi-
ation on those same counts.

Lymphatic radiation therapy consisted of 54 Gy delivered to the internal, ex-
ternal and common iliac lymphatics via linac based IMRT treatment. For post
prostatectomy patients, the prostate fossa received a total of 70 Gy and for intact
prostate, 78 Gy. Patient characteristics are shown in Table 1. The entire cohort
was 311 patients. Ten did not go on to radiation after receiving ADT and are in-
cluded in the pretreatment ADT analysis only. Three hundred one patients re-
ceived radiation therapy. They were almost evenly divided between those that
were (n = 162) and were not (n = 149) on short-term androgen ablation.

Worth noting is that in the literature outcomes are reported for either granu-
locytes or neutrophils. To be specific, granulocyte counts include neutrophils,

basophils and eosinophils, with neutrophils being the predominant component
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Table 1. Patient characteristics.

N =311
Age Mean 69.7 yrs
mean 69.7 yrs
range 49.1 - 89.1 yrs.
ADT
yes 162
no 149

pelvis treatment

yes 250
no 51
Total dose
78 Gy* 192
70 Gy 109

ADT = androgen deprivation therapy. *includes: 4 with 70 Gy/28 fractions, 22 brachytherapy boost, 1 ste-
reotactic body radiation therapy boost. 10 patients started ADT and did not receive radiation therapy.

(>95%). Our lab reports the total granulocyte count. Also worth noting is that
androgen deprivation therapy is facilitated via luteinizing hormone releasing
hormone (LHRH) agonists (leuprolide) (or rarely a LHRH antagonist) alone.
Sometimes treatment will include an antiandrogen which is then called total or
combined androgen blockade (TAB, CAB).

3. Statistics

Sample characteristics were described using descriptive statistics. Frequencies
and percentages were used to describe categorical variables. Means and standard
deviations (or medians and ranges where appropriate) were used to describe
continuous variables. A one-sample t-test (or Wilcoxon rank-sum test) was used
to test for changes before and after androgen ablation. A two-sample t-test (or
Wilcoxon rank-sum test when appropriate) was used to test for differences be-
tween patients who received neoadjuvant androgen ablation and those who did

not. Statistical significance was set at p < 0.05.

4. Results

One hundred sixty-two patients received pre radiation therapy ADT. Sixty-three
started ADT without a baseline CBC and 99 patients had a pre-ADT CBC. The
median time on androgen ablation between measurements was 3 months (83
days). Results are shown in Table 2. Hemoglobin, WBC and granulocyte counts
declined significantly, although the actual changes were small. Lymphocytes did
not decline significantly. The mean HGB declined from 14.09 g/dL to 13.51 g/dL
(p < 0.0001), mean WBC from 7.45 x 10°/ul to 7.06 x 10°*/ul (p = 0.0222), mean
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Table 2. Effect of androgen deprivation therapy alone on parameters.

N Mean baseline change P-value

mean median
Hgb 97 14.09 g/dL -0.58 -0.50 <0.0001
WBC 99 7.45 x 10*/ul -0.39 -0.30 0.0222
granulocytes 94 4.53 x 10°/ul -0.32 -0.32 0.0144
lymphocytes 94 1.98 x 10%/ul -0.03 -0.01 0.8363

Hgb = hemoglobin WBC = white blood cells.

granulocytes from 4.53 x 10°/pl to 4.21 x 10°/ul (p = 0.0144) and lymphocytes
from a mean of 1.98 x 10°/ul to 1.95 x 10°/ul (p = 0.8363).

Next, we evaluated whether with radiation, the addition of ADT had a greater
effect on the blood parameters. Overall, most patients (83%) received lymphatic
(pelvis) radiation followed by a prostate fossa (n = 109) or prostate (n = 192)
boost. For the primary prostate patients, most patients (86%) received a total
external beam dose of 78 Gy and all the post radical prostatectomy patients re-
ceived 70 Gy. To control for confounding variables, we first evaluated whether
the surgical status, the total dose or whether they had pelvic radiation influenced
outcomes. We found that pretreatment, the post-surgery patients have a lower
baseline Hgb, total WBC and granulocyte count than the non-surgery patients,
but the decline with treatment was no different. Pretreatment, the mean lym-
phocyte counts were similar, but the postoperative patients had a greater decline
(from mean of 2.00 to 0.63 x 10*/pl) than the non-surgery patients (mean 1.99 to
0.78 x 10°/ul) (p = 0.0008). By three months after treatment, there was no dif-
ference in lymphocyte counts (p = 0.0642). Also, the total dose to the pros-
tate/prostate fossa made no significant difference on any parameter. It was not
unanticipated that the larger (pelvic) fields could influence the counts, but to
confirm, we evaluated that specifically (Supplemental Table A1). The larger
fields had a more profound effect on WBC, granulocyte and lymphocyte counts.
We found that for the overall evaluation it did not change the outcomes due to
the small number that did not receive pelvis radiation. For full transparency, we
report the results for both the total and then for those only with pelvic radiation
(Table 3, Table 4, respectively).

For the entire cohort, 162 patients received ADT and 149 did not. ADT did
not affect the WBC decline (p = 0.4583), granulocyte decline (p = 0.3885), or
lymphocyte decline (p = 0.7755) at the end of radiation treatment (Table 3).
There was a greater decline in hemoglobin if on ADT (p = 0.0038).

At three months after treatment, compared to baseline there was no difference
in hemoglobin (p = 0.3470), WBC count (p = 0.7517), granulocyte count (p =
0.7964) or lymphocyte count (p = 0.4226) between those on ADT and those not.
The hemoglobin had recovered proportionally to the greater decline with treat-
ment. There were subtle differences in the numbers, but the results were the

same when evaluated by only patients that received pelvic radiation (Table 4).
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Table 3. All patients (with and without pelvis radiation).

Baseli 3 Ch fi
HGB (g/dL) N AEINE end change P-value ange. o™ b value
(mean) months  baseline
No ADT 143 14.32 13.48 -0.84 13.57 —0.81
0.0038 0.3470
ADT 151 13.57 1246 -1.14 12.87 —0.68
WBC (x10%/pl)
No ADT 143 6.93 4.97 -1.95 5.30 -1.65
0.4583 0.7517
ADT 151 6.90 4.75 -2.09 5.15 -1.68
Granulocyte (x10%/pl)
No ADT 141 3.97 3.36 -0.58 3.44 -0.55
0.3885 0.7964
ADT 150 4.11 3.30 -0.77 3.44 —0.65
Lymphocytes (x10%/ul)
No ADT 141 2.06 0.80 -1.29 1.07 -1.00
0.7755 0.4226
ADT 150 1.93 0.65 -1.28 0.94 —-0.98
Table 4. Only patients with pelvis radiation.
Baseli Ch fi
HGB (g/dL) N aseiine end change P-value 3 mos ange' rom P-value
(mean) baseline
No ADT 106 14.40 1344 -0.95 13.59 —0.81
0.0412 0.1782
ADT 144 13.63 1246 -1.18 12.91 -0.72
WBC (x10%/pl)
No ADT 106 6.81 464 -2.16 5.09 -1.72
0.9541 0.7160
ADT 144 6.70 4.71 -2.16 5.11 -1.59
Granulocyte (x10%/pl)
No ADT 106 3.89 3.20 -0.67 3.38 -0.51
0.6077 0.7294
ADT 144 4.11 3.28 -0.81 3.42 -0.69
Lymphocytes (x10%/pl)
No ADT 106 2.01 0.66 -1.38 0.93 -1.08
0.3609 0.1313
ADT 144 1.92 0.63 -1.30 0.92 -1.29

5. Discussion

It is documented that androgen ablation consistently causes a drop in hemoglo-
bin [1] [2]. We confirmed that short-term androgen ablation in our patients
causes a modest (~0.5 g/dL), but still significant (p < 0.0001) drop in hemoglo-
bin. Not well studied previously is the effect on granulocytes and lymphocytes.
The finding of androgen receptors on leukocytes [4] raises the possibility that
there will also be an effect on those components.

Our results show that short-term androgen ablation has a mild, but still sig-
nificant negative effect on granulocytes and the total white blood count with no
effect on lymphocytes. There is limited data in the literature. One study [7],
showed no effect on total leukocyte counts, while another [3] showed a 9% de-

crease. There were no specifics as to granulocyte or lymphocyte counts in these
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studies, although in clinical studies [8] with the administration of testosterone,
there was an increase in neutrophils. Chuang [5] reported a decrease in neutro-
phils in castrated mice, but non-significant decrease in neutrophils in 33 men
after castration. In a similar small study (n = 16) [9] a significant increase in
lymphocytes (including T cells and NK cells) occurred with TAB. The latter
study is supported by mice data [10] [11] [12] [13] where it has been shown that
there is a correlation with suppression of androgens and increased lymphocyte
production. This is different from what we saw (no change) and was confirmed
in a clinical series like ours [14]. In that study, nineteen patients received
neoadjuvant total androgen blockade (an LHRH agonist and anti-androgen) and
then pelvis radiation with a prostate radiation boost. From androgen ablation
alone, the mean WBC count dropped from 6.37 to 6.19 x 10*/ul (—0.18 x 10°/pl),
granulocytes from 4.34 to 4.10 x 10°/ul (—=0.24 x 10°/ul), and lymphocytes (ob-
tained by adding the subgroups) stayed the same from 1.64 vs. 1.66 x 10°/ul
(+0.02 x 10°/pl) (p values not given). We saw changes of —0.39 x 10°/ul, —0.32 x
10°/pl, —0.03 x 10°/pl, respectively.

Regarding the addition of androgen ablation to radiation therapy, it is thought
to have a synergistic effect with radiation in the treatment and killing of prostate
cancer. This raises the possibility of a synergistic effect that might be detrimental
to blood components beyond that of radiation alone. We found no such effect
on hemoglobin levels, granulocyte, lymphocyte or total white blood cell count.
In addition, while recovery is incomplete at 3 months, there appeared to be no
negative effect on recovery (Table 3 and Table 4).

The additive effects of ADT and radiation on Hgb levels has been infrequently
reported. In a study [15] of 141 patients, 2 months of total androgen blockade
(LHRH agonists and antiandrogen) resulted in a median drop of 1.6 g/dL and
after radiation, the total decline was 2.8 g/dl. We saw a smaller (-1.17 g/dL) de-
crease. The difference may be due to the use of total androgen blockade in that
study versus the LHRH antagonist alone that we used.

We could find only one study similar to ours that evaluated the effect of add-
ing androgen ablation to radiation [14]. For radiation without ADT, mean
change in WBC count was 6.29 to 4.67 X 10°/pl (=1.62 x 10°/ul ) vs 6.16 to 4.84 X
10°/ul (—=1.32 x 10°/pl) for radiation plus ADT (non-significant); for granulocytes
4.26 t0 3.74 x 10°/ul (=0.52 x 10*/pl) vs 4.1 to 3.81 x 10°/ul (=0.29 x 10*/pl), re-
spectively (non-significant); and for lymphocytes 1.62 to 0.54 x 10°/ul (—1.08 x
10°/ul) vs 1.68 to 0.68 x 10*/pl (1.0 x 10°/pl), respectively (p-value not given for
total lymphocytes). They reported that the T lymphocyte subgroup was more re-
sistant than NK cells or B lymphocytes with addition of ADT. Overall, they con-
firmed that androgen ablation did not significantly affect the impact of radiation

on blood parameters.

6. Conclusion

In conclusion, as in most series, we found that even short-term androgen abla-
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tion by itself causes a drop in hemoglobin. We also found that it caused a small,
but still significant decline in WBC and granulocyte, but not lymphocyte counts
When added to radiation therapy, ADT caused a greater decline in hemoglobin,
but it recovered more quickly, so there was no difference at 3-month follow up.
The combination of radiation with ADT did not cause a greater decline in WBC,
granulocytes or lymphocyte counts compared to radiation therapy alone. Our
findings would indicate that the addition of ADT should not have any effect on
immune function beyond that of radiation therapy alone.
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Supplementary

Supplemental Table Al. Effect of treatment volume (prostate/prostate fossa only versus
whole pelvis) and androgen deprivation therapy (ADT).

Pelvis Baseline Change from
HGB (g/dl) v n end change P-value 3 months 8 . P-value
treated (mean) baseline
yes 106 1440 1344 -0.95 13.59 -0.86
No ADT 0.0097 0.6453
no 43 14.13 13.58 -0.54 13.54 -0.70
yes 144 13.63 1246 -1.18 12.91 -0.69
ADT 0.0003 0.5062
no 8 12.76 12.36 -0.40 12.21 —-0.55
WBC
(x10*/mcl)
yes 106 6.81 4.64 -2.16 5.09 -1.70
No ADT 0.0040 0.2380
no 43 7.26 5.81 -1.38 5.80 -1.51
yes 144 6.87 4.71 -2.16 5.11 -1.73
ADT 0.0580 0.0472
no 8 6.69 5.60 -1.09 5.81 —0.88
Neutrophils
(x10%/mcl)
yes 106 3.89 3.20 -0.67 3.38 -0.50
No ADT 0.1145 0.5473
no 43 4.19 3.79 -0.34 3.59 —-0.70
yes 144 4.11 3.28 -0.81 3.42 —-0.66
ADT 0.0451 0.0526
no 8 3.86 3.72 -0.14 3.76 —-0.09
Lymphocytes
(x10*/mcl)
yes 106 2.01 0.66 -1.38 0.93 —-1.08
No ADT 0.0102 0.0092
no 43 2.19 1.15 -1.04 1.42 -0.78
yes 144 1.92 0.63 -1.30 0.92 -1.00
ADT 0.0244 0.0456
no 8 1.91 0.99 —-0.92 1.17 -0.74

The radiation volumes clearly have a marked effect on the decline in lympho-
cytes, somewhat less so for neutrophils. The lack of significant difference in the
ADT subgroup likely reflects the small number of whole pelvis patients. Due to
the significant difference that the volume makes on the blood counts and the
imbalance between the ADT and no ADT groups in the percent of patients re-
ceiving whole pelvis radiation, further evaluation was limited to the large radia-

tion field patients.
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