Open Access Original
Cureus Article DOI: 10.7759/cureus.19639

C-Reactive Protein Is a Poor Marker of Baseline
Inflammation in Prostate Cancer and Response to
Radiotherapy or Androgen Ablation

Review began 07/16/2021

Review ended 11/05/2021 e .
Published 11/16/2021 Garrett L. Jensen !, Jason Naziri % , Kendall P. Hammonds * , Sameer G. Jhavar ! , Gregory Swanson 2

© Copyright 2021
Jensen et al. This is an open access article 1. Radiation Oncology, Baylor Scott & White Medical Center - Temple, Temple, USA 2. Radiation Oncology, Baylor

distributed under the terms of the Creative Scott & White Health, Temple, USA 3. Biostatistics, Baylor Scott & White Health, Temple, USA
Commons Attribution License CC-BY 4.0.,
which perm'ts_u"r_esmmed us_e’ d'smb_“"on’ Corresponding author: Gregory Swanson, gregory.swanson@bswhealth.org
and reproduction in any medium, provided

the original author and source are credited.

Abstract
Introduction

C-reactive protein (CRP) is an acute-phase reactant used as a general marker for inflammation. Isolated
levels have been associated with prostate cancer development, prostate-specific antigen (PSA), Gleason
score, and treatment response. We seek to establish whether CRP levels reflect inflammation caused by
prostate cancer by comparing levels at various points of time before, during, and after therapy.

Materials and methods

A total of 209 patients had a complete blood count (CBC), PSA, and CRP taken at up to four different time
points. Labs were performed up to one week prior to androgen ablation via leuprolide injection (pre-AA), up
to one week prior to radiotherapy (RT) (pre-RT), within one week of RT completion (post-RT), and three
months following RT completion (FU [follow-up]).

Results

Significant relationships were found between CRP and WBC pre-AA (p-value=0.0050), pre-RT (p-
value=0.0170), and post-RT (p-value=0.0113), but not at FU (p=.096). CRP had no significant relationship
with PSA or lymphocytes at any time points. PSA was significantly affected by androgen ablation but
lymphocytes, WBCs, and CRP were not. No CRP levels were associated with risk groups or FU-PSA.
Lymphatic radiation fields significantly decreased WBCs and lymphocytes but not CRP.

PSA, WBC, and lymphocytes all significantly decreased from pre-RT to post-RT, followed by a significant
recovery. CRP did not significantly change during any of these periods and was not significantly related to
changes in PSA, WBCs, or lymphocytes.

Conclusion

CRP is not a sensitive marker of the acute inflammatory effects of non-metastatic prostate cancer and
treatment response with androgen ablation or radiation therapy.
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Introduction

C-reactive protein (CRP) is a pentameric acute-phase protein from the liver that is found in blood plasma
and increases following interleukin-6 secretion by macrophages and T cells. It rises rapidly (dramatically,
peaking within 24 hours in the case of other acute inflammatory reactions, including that induced by
radiation exposure) [1] and has a half-life of 19 hours. Ostensibly, the greater the inflammation, the higher
the CRP [2].

Historically, it was thought to be helpful in monitoring bacterial infections and their resolution [3]. It has
also been used as a marker in recognized chronic inflammatory diseases such as rheumatoid and juvenile
arthritis [1]. More recently it has been found to be prognostic for recurrent cardiovascular events which is
thought to have a component of chronic inflammation [4,5].

Given the association between the immune system and the development and progression of cancer, it is not
surprising that there would be interest as to whether CRP, as a measure of immune response, could help
determine cancer prognosis. If CRP reflects the host inflammatory state, it may be a marker related to
promotion and initiation or progression of carcinogenesis and/or mediate resistance to therapy.
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The available literature on CRP in cancer largely focuses on pre-therapeutic levels as a prognostic marker for
cancer development and treatment response [6,7]. The results of these papers are severely hampered by
patient heterogeneity or the use of CRP measurements at a single, often variable time point [3,8-11].
Unfortunately, there are no comprehensive studies looking at CRP and its changes at different stages of
cancer treatment, unlike the situation with infection where it improves with treatment [12]. This has made it
difficult to conclude the true relationship between CRP as an accurate marker of cancer inflammation or
treatment response [13]. Does killing the cancer or radiotherapy (RT)-induced inflammation change the CRP
level? If the CRP does not change, is this because these factors offset each other? With longer follow-up,
when the RT inflammation has resolved, is CRP more reflective of the cancer status?

Prostate cancer has been a focal point of many publications investigating serum CRP as a potentially
important biomarker for nonmetastatic prostate cancer [14]. One study suggested that elevated CRP levels
are prognostic of poor outcomes with radiotherapy in particular [15]. It is an affordable, readily available
assay. Findings regarding an association between CRP levels and prostate cancer risk have been mixed
[3,11,16-23]. Studies have also found some inconsistent relationships between CRP and components of
higher-risk disease such as Gleason score, metastases, and prostate-specific antigen (PSA) [24-29]. This
plethora of studies has resulted in several meta-analyses [10,30,31] and, particularly intriguing, a pooled
analysis showing that CRP levels were associated with overall survival (OS) [32]. As with other cancer sites,
these results can be unconvincing based on the timing and methodology of CRP level collection. Stronger
evidence has accumulated that CRP can be a prognostic marker in the metastatic setting, which is associated
with greater levels of inflammation [33-41].

We seek to establish whether CRP levels reflect inflammation caused by non-metastatic prostate cancer
before and in response to RT with or without prior androgen ablation (AA).

Materials And Methods

With approval from the Baylor Scott & White Research Institute (IRB number 019-511), this study included
209 patients who had a complete blood count (CBC), PSA, and CRP taken at up to four different time points.
Labs were performed prior to AA in castration-naive patients via leuprolide injection (pre-AA), within one
week prior to starting RT (pre-RT), within one week of RT completion (post-RT), and three months following
RT completion (FU). Prior to RT, 33% of patients had received prior prostatectomy and 51% had received
AA. Radiation fields included pelvic lymphatics in 82% of patients.

Comparisons were made between WBC, lymphocytes, PSA, and CRP at identical and different time points as
continuous variables or split into halves/quartiles by CRP levels. Statistical analysis involving PSA was done
for the entire cohort and separately by the history of prostatectomy.

A linear regression assessed the ability of PSA to predict CRP at the same time point. CRP was log-
transformed to meet model assumptions. PSA was also analyzed by median CRP of upper and lower halves at
the same time points using a Wilcoxon rank-sum test with a Bonferroni adjusted p-value. PSA was then
measured by CRP split into quartiles at the same time points with analysis via Kruskal-Wallis test, also using
a Bonferroni adjusted p-value. These three statistical tests were repeated to assess the ability of CRP to
predict WBC at the same time points, and the relationship between pre-AA, pre-RT, and post-RT CRP with
the FU PSA.

An ordinal logistic regression was performed to assess the relationship between pre-AA and pre-RT CRP and
Gleason score.

A Wilcoxon rank-sum test was performed to assess the difference in post-RT and FU PSA, CRP, lymphocytes,
or WBCs by whether lymph nodes were irradiated. This test was also applied to assess the difference in pre-
RT PSA, CRP, WBC, and lymph nodes by whether androgen ablation was employed prior to radiation.

A Wilcoxon signed-rank test was performed to assess if changes over time were significant. This included
analyzing changes in pre-AA PSA, CRP, WBC, or lymphocytes to pre-RT levels either throughout the cohort
or by whether AA was employed prior to radiation. To look at radiation’s effect on immunity this test was
used for changes in PSA, CRP, WBC, and lymphocytes from pre-RT to post-RT and pre-RT to FU. A Spearman
Rank Correlation test was performed to further the relationship between the change in CRP and the changes
in PSA, WBC, and lymphocytes during these timepoints. Statistical significance is set to p<0.05.

Results

For patient characteristics, see Table 1. There were several major variables. There were patients with intact
prostate (n=139) and those with post-prostatectomy (n=70). All but nine patients received radiation, to the
prostate or prostate fossa, with some receiving radiation to the pelvic lymphatics (n=162). Finally, some
received androgen ablation prior to radiation or observation (n=106). We took each of these variables into
consideration. Neither pre-AA CRP nor pre-RT CRP was correlated with Gleason score (p=0.43 and 0.22,
respectively).
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Patient Characteristics

Radiation None
EBRT
EBRT + BT

Race Caucasian

African American
Hispanic
Other
Gleason (clinical) 6
7 (3+4)
7 (4+3)
8
9
10
Radical Prostatectomy None
Yes, with salvage RT

Yes, with adjuvant RT

AA prior to RT/Observation Yes
No

Lymph nodes treated No
Yes

PSA at diagnosis (ng/mL), median (range)

TABLE 1: Patient Characteristics

n (%)
9(4.3)
186 (89)
14 (6.7)
133 (63.6)
52 (24.9)
18 (8.6)

6 (3)

29 (14.4)
59 (29.4)
56 (27.9)
34 (16.9)
22 (11.0)
1(0.5)
139 (66.5)
51 (24.4)
19 (9.1)
106 (50.7)
103 (49.3)
38 (19.0)

162 (81.0)

8.8 (1.2-278)

EBRT: External beam radiotherapy; BT: Brachytherapy; AA: Androgen ablation; RT: Radiotherapy; PSA: Prostate-specific antigen.

Median values and ranges of PSA, CRP, WBC, and lymphocytes are reported in Table 2. Inherent to the
patient populations (intact prostate versus post-prostatectomy) there was a significant difference between
PSA at all time points (p<0.0001) between the two groups. Since PSA correlates with cancer volume, this is
indicative of the significantly different cancer volumes between the two groups. It is therefore informative
that these same populations had no significant difference in CRP at any time point. Similarly, globally there
was no correlation between PSA and CRP at baseline or any other time point (Table 3). CRP levels at any
time point were not predictive of subsequent follow-up PSA. One would expect that as the cancer regresses
(as measured by a declining PSA), so would the inflammatory response, and thus the CRP, which was not
seen. This was true not only after the radiation, but also for those that received initial androgen ablation
where only PSA significantly changed from pre-AA to pre-RT in both the no-surgery and surgery subsets
(p<0.0001 and 0.0156, respectively). Levels of CRP, WBCs, and lymphocytes did not significantly change,
indicating no immediate effect of androgen deprivation (Table 4). These would indicate no effect of a

regressing cancer on those parameters.
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Labs

PSA (ng/mL)

CRP (ug/mL)

WBC (102 cells/uL)

Lymphocytes (103
cells/uL)

TABLE 2: Values at Each Time Point

Prostatectomy
History

all

no

yes

all

no

yes

all

no

yes

all

no

yes

Prior to AA

68

54

46

39

83

66

79

62

Median
(range)

9.1 (0-155.5)*

10.0 (3.7-
155.5)

0.6 (0.0-23.3)

1.4 (0.2-71.5)°

1.5 (0.2-71.5)

1.2 (0.2-27.6)

6.9 (3.8-14.8)°

6.7 (4.0-8.8)

7.0 (3.8-14.8)

1.7 (0.8-4.0)°

1.8 (0.8-4.0)

1.6 (0.8-2.7)

Prior to RT

187

127

60

172

110

62

200

133

67

198

131

67

2 Significant difference between surgery and no surgery groups (P-value <0.0001)

Median
(range)

1 (0.0-39.9)

2.8 (0.0-39.9)

0.2 (0.0-3.1)

2.6 (0.0-
35.2)°

2.5 (0.0-30.6)

2.9(0.0-35.2)
6.5 (3-14.8)°

6.5 (3.0-14.8)

6.4 (4.0-11.0)

1.9 (0.6-5.0)°

1.9 (0.6-5.0)

1.9 (0.8-4.9)

Final Week of RT

=

49

23

26

177

113

64

191

123

68

191

123

68

Median
(range)

0.0 (0.0-
11.4y2

1.5 (0.0-11.4)

0.0 (0.0-1.7)

2.2 (0.0-
76.3)°

2.2 (0.0-57.7)
2.1 (0.0-76.3)

4.7 2.2-
13.0)°

4.9 (2.4-13.0)
4.6 (2.2-11.1)

0.67 (0.2-
3.3)°

0.7 (0.2-3.3)

0.6 (0.2-1.3)

b No significant difference between surgery and no surgery groups (P-values of 1, 0.96, 0.74, and 0.36, respectively)

3 Months Post-RT

190

124

66

176

114

62

190

124

66

187

122

65

Median
(range)

0.1 (0.0-
14.9y2

0.6 (0.0-14.9)

0.0 (0.0-3.3)

2.3(0.0-
41.1)°

2.4 (0.0-41.1)
2.1(0.0-15.2)

5.0 (2.1-
14.7)°

5.2 (2.1-14.7)

4.8 (2.2-8.1)

0.9 (0.3-3.6)¢

1.0 (0.3-3.6)

0.8 (0.3-1.9)

¢ Significant or nearly significant difference between surgery and no surgery groups (P-value=0.0141, 0.0585, 0.0013, and 0.023, respectively)

AA: Androgen ablation; RT: Radiotherapy; PSA: Prostate-specific antigen; CRP: C-reactive protein; WBC: White blood cells.
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% increase of PSA per 1- p- % change of WBC per 1- p- % increase of lymphocytes per p-
unit CRP increase value ynit? CRP increase value  1-unit® CRP increase value
pre-AA  0.4% 0.7525 0.8% 0.0028 0.46% 0.202
pre-RT  0.9% 0.4994 0.8% 0.0316 0.07% 0.897
ost-
FI;T 2.8% 0.0871 0.5% 0.0113 0.55% 0.1605
3-
month  0.7% 0.2772 0.7% 0.0658 0.3% 0.5683
FU

TABLE 3: Association of CRP with PSA, WBC and Lymphocytes at Each Time Point

a (103 cells/uL)

b (ug/mL)

AA: Androgen ablation; RT: Radiotherapy; PSA: Prostate-specific antigen; CRP: C-reactive protein; FU: Follow-up; WBC: White blood cells.

With Androgen Ablation (n=106) Without Androgen Ablation (n=103)
Median (range) Median (range) p-value
pre-RT PSA (all) + 0.9 (0-30.2) 2.85 (0.0-39.9) 0.00722
no surgery 1.0 (0.0-30.2) 7.4 (0.4-39.9) <0.00012
surgery 0.0 (0.0-3.1) 0.2 (0.0-2.0) 0.7116
pre-RT CRP 2.35(0-35.2) 2.85(0.2-15.7) 0.7593
pre-RT WBC 6.3 (3-14.8) 6.55 (3.9-12.1) 0.5899
pre-RT Lymphocytes 1.82 (0.6-5.0) 1.94 (0.8-5.0) 0.3101
Opre-AA-->pre-RT PSA (all) + -7.2 (-125.3-1.1) <0.0001°
no surgery -8.1 (-125.3-1.1) <0.0001®
surgery -0.75 (-20.7-0.1) N/A 0.0156°
dpre-AA-->pre-RT CRP -0.05 (-66.1-21.5) 0.646
dpre-AA-->pre-RT WBC -0.1(-5.8-4.4) 0.3598
Opre-AA-->pre-RT Lymphocytes 0.0 (-2.6-1.2) 0.9717

TABLE 4: The Effects of Androgen Ablation

a Significant difference by androgen ablation
b Significant change through time

* No significant difference by surgical status for CRP, WBC, or Lymphocytes

RT: Radiotherapy; PSA: Prostate-specific antigen; CRP: C-reactive protein; WBC: White blood cells; AA: Androgen ablation.

We further analyzed the relationship of the inflammatory parameters of WBC, CRP, and lymphocyte counts
(Table 3). CRP had a significant correlation by linear regression with WBC levels pre-AA (p-value=0.0050),
pre-RT (p-value=0.0170), and post-RT (p-value=0.0113), but not at FU (p=.096). CRP showed no significant
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correlation with lymphocyte levels.

PSA, WBCs, and lymphocytes significantly decreased from pre-RT to post-RT (p-values all <0.0001). This was
the case with or without AA. PSA continued to decrease while WBCs and lymphocytes significantly
recovered from post-RT to FU (p-value<0.0022, 0.0001, and 0.0001, respectively). Despite recovery, WBCs
and lymphocytes from pre-RT to FU were still significantly decreased from baseline (p-value<0.0001, p-
value<0.0001, respectively). Despite the significant ongoing changes in WBC and lymphocyte counts, CRP
did not significantly change at any point (Figure I). Specifically, the CRP did not significantly correlate with
changes in WBCs or PSA. Singularly, a Spearman correlation was found between the change in lymphocytes
and CRP from pre-RT to post-RT (p=0.0028). Also, in patients who received lymphatic radiation there was a
significantly decreased post-RT lymphocytes (p-value<0.0001), FU-lymphocytes (p-value<0.0001), post-RT-
WBCs (p-value=0.0004), and FU-WBCs (p-value=0.0141). CRP was not significantly different by lymphatic
radiation post-RT (p-value=0.319) or at FU (p-value=0.712).

Change Over Treatment

10.0-

7.5-

3

95- . p = 0.6460 . p=0.7442 p=0.3143

CRP (ug/mL)

15-

10-

PSA (ng/mL)

0- P < 0.0001 . P < 0.0001 p-0002 =&

~
1

@
1

@]
1

p = 0.3598 p < 0.0001 p < 0.0001

[

-
[#)]
i

-
o
]

p=09717 p < 0.0001 p < 0.0001

] 1 1 1
Prior to AA Prior to RT Final Week of RT 3 Months
Post RT

Lymphocytes (10° cells/ul) WBC (10° cells/uL)

FIGURE 1: Change Over Time

A comparison of changes over time of CRP, PSA, WBCs, and lymphocytes. P-values represent significant change
over the specified interval with significance set to <0.05. Range of Y-axes for each lab value was based on
maximum and minimum values of confidence intervals.

CRP: C-reactive protein; PSA: Prostate-specific antigen; AA: Androgen ablation; RT: Radiotherapy.

We did separate iterations of each aforementioned analyses with populations grouped into halves and
quartiles by CRP to see if there might be a threshold of significance, but found no good evidence of a
correlation with PSA, WBCs, or lymphocyte levels.
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Discussion

There is some evidence that elevated levels of CRP are associated with increased risk of prostate cancer
development, PSA, Gleason score, and decreased response to chemotherapy and radiotherapy (RT). Usually,
these are retrospective analyses of a single CRP level done before treatment without standard timing. Our
data is the first presented in the literature to track CRP levels at different phases of treatment in any cancer.
Prostate cancer was chosen for this study due to the existence of PSA as a rough marker for cancer activity,
mass, and treatment response. We used this marker along with WBCs and lymphocytes to investigate the
role of CRP in prostate cancer-based inflammation and the body’s inflammatory response.

CRP as a risk factor in cancer development

Investigations into CRP as a measure of risk for cancer development are part of what makes this marker
intriguing. Prospective population studies and the literature overall have had mixed findings, but seem to
support the ‘induction hypothesis’ that elevated baseline CRP is significantly correlated with a risk for
overall cancer development [10,42,43]. Findings regarding specific cancer types are even more sporadic.
Inconsistently positive results for breast and colorectal cancer could be a result of increased CRP levels due
to an already present but undiscovered malignancy [3,11]. This is known as the ‘response hypothesis, where
tumors induce an inflammatory microenvironment and a host response. The strongest statistical association
appears to be with lung cancer, where elevated CRP is less likely to be due to secondary inflammation from
an undiagnosed cancer due to short survival times [42].

Findings regarding the correlation between prostate cancer risk and CRP have also been mixed. In one large
prospective study, CRP, fibrinogen, and leukocyte counts were all associated with colorectal, lung, and
breast cancer but none were associated with prostate cancer [3]. Studies based on pre-diagnostic CRP levels
have shown that other (BMI, IL-6 in healthy but not overweight men, leukocytes, metabolic syndrome
components) or multiple etiologies of chronic inflammation correlate with increased prostate cancer risk,
but often not CRP individually [20,21,26].

CRP and Gleason score

Relationships between baseline CRP, high-risk prostate cancer, and elevated PSA have been reported but
not consistently replicated [24,44]. CRP polymorphisms and allelic variants have also failed to demonstrate
an effect on prostate cancer risk or survival, though associations with higher-grade disease and PSA have
been reported [17,18]. For example, one study showed no correlation of CRP with poor prognostic factors
such as Gleason score or elevated PSA [15]. Another did show a correlation [9]. So, the correlation between
prognostic factors and severity of the cancer as measured by CRP has remained uncertain. We did not find
any correlation between pre-AA CRP or pre-RT CRP and clinical Gleason score in patients treated with
definitive radiation.

CRP as a marker of acute cancer and treatment-based inflammation

CRP and PSA are most significantly tied to the extent of disease in the metastatic setting with some
evidence for overall correlation [38,45]. Lehrer et al. found that CRP was not statistically different between
men with localized prostate cancer and benign prostatic hyperplasia (BPH). However, patients with bone
metastases had significantly higher CRP levels [27]. Several studies have looked at the CRP levels of patients
with metastatic castration-resistant prostate cancer. In this setting, CRP appears to be prognostic for OS,
progression-free survival (PFS), and PSA response to docetaxel [28,36,37,39]. CRP has also demonstrated a
correlation with cancer-specific survival (CSS), and freedom from PSA failure in metastatic castration-
resistant prostate cancer prior to abiraterone and enzalutamide [33]. CRP was built into the AFFINITY trial,
which evaluated the clinical benefit of cabazitaxel alone or in combination with custirsen in metastatic
castration-resistant, docetaxel-pretreated patients (NCT01578655) but results were not reported.

Unfortunately, without knowing whether there are changes in CRP, association with worse outcomes in
these studies does not clarify whether CRP contributes to therapeutic resistance or is just a marker of
disease and host factors. Less literature is available looking at CRP levels immediately before or after
therapy in localized prostate cancer and none have reviewed CRP level changes based on therapy. Prior to
radical prostatectomy, Schnoeller et al. found a significant relationship between CRP levels and Gleason
score on univariate but not multivariate analysis without correlation to PSA, stage, lymph node positivity,
or margin status [29]. Thurner et al. found that CRP levels >/= 8.6 prior to androgen deprivation therapy
(ADT) or radiation were prognostic for CSS, OS, and disease-free survival (DFS) [15]. Hall et al. looked at the
CRP levels of 206 patients within 30 days after they received radiotherapy and found that higher levels
indicated a shorter Biochemical Failure Free survival (BFFS). On exploratory subgroup analysis, CRP levels
also positively correlated with PSA in high and intermediate-risk cancer [9].

There is a distinct lack of data on CRP change before, during, and after treatment. We had the opportunity to
evaluate each of these.

We looked at the association of PSA with CRP, WBCs, and lymphocytes prior to androgen ablation and prior
to radiation treatment. We found no association between PSA and the markers, which suggests little direct
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correlation between prostate cancer volume and inflammation, at least in the non-metastatic setting.
Neither was there any association between CRP and baseline or pre androgen ablation WBC or lymphocyte
levels. In reports of the prognostic utility of CRP, cutoff levels of between 8-10 were used [9,43,46].

Next, we looked at the effect of androgen suppression in patients with pre-ADT PSA, CBC, and/or CRP levels
and how things evolved three months after androgen deprivation, prior to radiation therapy. Androgen
deprivation therapy clearly suppresses prostate cancer, and therefore should suppress the inflammation
induced by that cancer. Androgens can enhance a T helper cell type 1 response [47] and peripheral Th1 and
Th17 cells have been demonstrated to decrease after 24 months of ADT [48]. Other inflammatory cytokines
with demonstrated reduction after ADT in prostate cancer patients include IL-1B, IL-2, tumor necrosis
factor (TNF)-a, and interferon (IFN)-y [49,50]. IL-6, which is linked with increased CRP expression, was
demonstrated by Saylor et al. to be reduced by 12 months of ADT compared with non-ADT controls.
Conversely, levels of IL-1B, IL-8, and SDF-1a were significantly higher [51]. Interestingly, in mice receiving
radiation to the lungs, liver, and intestines, physical castration significantly enhanced the inflammatory
response to radiation while flutamide did not. The underlying mechanism for this was thought to be due to
increased NF-kB activity and subsequent elevated COX-2 with physical castration [52]. Unfortunately, these
studies do not show whether these marker changes are a direct effect of ADT or are byproducts of cancer
killing.

We found that CRP, WBC, and lymphocyte levels did not differ between patients who did and did not receive
androgen ablation prior to radiation treatments. Unsurprisingly in our study, the PSA was significantly lower
prior to radiation in those patients who did receive upfront androgen ablation. This expected PSA decline
without appreciable change of CRP, lymphocytes, and WBCs appears to indicate that none of these factors
accurately measure inflammatory changes from early prostate cancer suppression or eradication. Of course,
there are other considerations. These changes may take longer, or there is a concomitant balancing increase
in inflammation due to the cell killing. This finding that ablating tumor is poorly correlated with a decline in
CRP has been demonstrated once before in a cohort of colorectal cancer patients [53].

Similarly, after the radiation treatment, there was an expected decline in leukocytes. The relationship
between radiation therapy and cancer inflammatory response (immunity) is more complex. It is established
that lymphocytes are probably the single most radiosensitive mammalian cell and radiation treatment
significantly reduces lymphocyte counts. There were concerns raised decades ago that radiation-induced
immune suppression would facilitate cancer recurrence or other immune compromise. Overall, that does not
appear to be the case [54]. Perhaps the direct killing effects greatly make up for any anti-cancer immunity
effects. In fact, there is evidence that radiation may enhance cancer immune response either by

releasing tumor antigens that can be targeted or by destroying immunosuppressive cells such as
immunosuppressive cells in the stroma [55,56].

In addition, we know that radiation can have inflammatory effects on normal structures such as rectal
mucosa. In fact, the most common bothersome side effect with prostate radiation is loose bowels or diarrhea
thought to be from local cell destruction and inflammation. The preceding considerations raise the question
as to whether radiation would suppress immunity or enhance it.

Consistent with the published literature, in our experience, radiation led to a significant decrease in WBC
and lymphocyte levels. The PSA always went down from pre-radiation levels (or remained stable), so the
cancer was being killed or at least suppressed, while the CRP did not change. Maybe the pro-inflammatory
effects and the anti-inflammatory effects balanced out. Or, as noted previously, CRP is just not that sensitive
with lower volume cancer. It has been reported that CRP goes up with radiation treatments and is
significantly higher at the end [8]. We did not see that.

Finally, with follow-up, the inflammatory cells start to recover, while the cancer cells continue to die (as
reflected by a continually decreasing PSA). Any local acute effects in the normal tissues are usually resolved,
though it is possible there is ongoing cell die off that can release pro- or anti-inflammatory

mediators. Indeed, in our patients, lymphocytes and WBCs had significantly recovered from the end of
treatment while the PSA continued to decrease. CRP, again, did not change significantly either way.

In our analysis, CRP remained spectacularly stable without significantly changing in our cohort at any time
point.

Conclusions

Our results demonstrate a lack of clinical utility for CRP as a marker of the inflammatory effects of non-
metastatic prostate cancer. It has no correlation with PSA levels or trends before or after radiation therapy
and with or without androgen ablation. It does not change with significant PSA decrease after androgen
ablation and corresponding decrease in cancer activity. It does not change at the end of radiation therapy
despite significant changes in lymphocytes and WBCs. It does not change with a three-month follow-up to
correspond with either significant recovery of lymphocytes and WBCs or a decrease of radiation-induced
inflammation.
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CRP levels do not correspond with the immune effects of locally advanced prostate cancer or its treatment.
Perhaps it will still have some long-term prognostic utility or in the metastatic setting, but it appears that
for prostate cancer, resources would be put to better use searching for more sensitive inflammatory markers.
Our results also bring in to question the role of CRP in inflammation induced by other malignancies.
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