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ABSTRACT Objective: In this study, we aimed to show whether al-
bumin/globulin ratio (AGR) can predict progression in prostate cancer
(pCA) patients in active surveillance (AS). Material and Methods: A
retrospective analysis of data recorded in the electronic registration sys-
tem of our hospital was conducted for patients who were under AS due
to pCA between 2018 and 2022. The inclusion criteria for AS were as
follows: prostate specific antigen (PSA)<10 ng/ml, Gleason score<6,
clinical stage T1c-T2a, <2 positive cores and <50% tumour cells in each
positive core. A programme of periodic clinical assessments was im-
plemented for all patients, incorporating digital rectal examination and
a PSA test on a quarterly basis for a period of 1 year. Following the con-
clusion of the initial year, a second biopsy was conducted on all patients.
Patients were divided into 2 groups according to their progression sta-
tus. AGR and other clinicopathological features were then compared be-
tween these groups. Results: Receiver operating characteristic analysis
was used to determine the optimum AGR cut-off value predicting pro-
gression and this value was determined as 1.6. Utilising the 1.6 cut-off
point, the sensitivity and specificity of AGR the predictive values for
progression were found to be 90% and 62.6%, respectively. The multi-
variate analysis indicated that low AGR values and the number of cores
were more effective in explaining the progression of the disease than
the other parameters. Conclussion: We propose that AGR values should
be incorporated into AS criteria, in addition to other established criteria.
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OZET Amagc: Bu galismada, albiimin/globulin oraninin (AGR) aktif
izlemdeki (Al) prostat kanseri (PK) hastalarinda progresyonu éngo-
riip ongdremeyecegini géstermeyi amagladik. Gere¢ ve Yontemler:
2018-2022 yillar1 arasinda PK nedeniyle Al altinda olan hastalar igin
hastanemizin elektronik kayit sistemine kaydedilen verilerin retros-
pektif analizi yapildi. Al dahil etme kriterleri prostat spesifik antijen
(PSA)<10 ng/ml, gleason skoru <6, klinik evre T1c-T2a, <2 kor pozi-
tif ve her pozitif korda <%50 tiimor hiicresi olarak belirlendi. Tiim
hastalar i¢in 1 yillik bir siire boyunca 3 ayda 1 dijital rektal muayene
ve PSA testini igeren periyodik klinik degerlendirme programi uygu-
landu. i1k y1lin tamamlanmasinin ardindan, tiim hastalara ikinci bir bi-
yopsi yapildi. Hastalar progresyon durumlarina gore 2 gruba ayrilmis
ve AGR ve diger klinikopatolojik 6zellikler gruplar arasinda karsilas-
tirilmistir. Bulgular: Progresyonu ongoren optimal AGR kesme de-
gerini belirlemek i¢in alict isletim 6zelligi analizi kullanilmis ve bu
deger 1,6 olarak belirlenmistir. 1,6 kesme noktasi kullanildiginda,
AGR’nin progresyon i¢in prediktif degerlerinin duyarlilig1 ve 6zgiil-
lugii sirastyla %90 ve %62,6 olarak bulunmustur. Cok degiskenli ana-
liz, diisiik AGR degerlerinin ve kor sayisinin hastaligin ilerlemesini
aciklamada diger parametrelere gore daha etkili oldugunu gostermis-
tir. Sonug: Mevcut Al kriterlerine AGR eklenmesinin yararli olaca-
g1 diistiniiyoruz.
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Active surveillance (AS) is an option for patients
with low-risk localized prostate cancer (pCA) be-
cause it can achieve similar results to radical prosta-
tectomy or radiotherapy.' The fundamental objective
of AS is to mitigate the occurrence of overtreatment,
while ensuring the opportunity for curative treatment
is not overlooked. The primary concerns in AS are
the prevention of morbidity and comorbidities, and
the maintenance of quality of life. A significant con-
cern in AS is the upgrading of Gleason score (GSU),
which consequently results in the delay of curative
treatment.! GSU is a significant condition due to its
association with elevated levels of biochemical re-
currence, the potential for progression to systemic
disease, and a low cancer-specific survival rate.> A
preceding study demonstrated that up to 36% of pa-
tients who were categorised as low risk by prostate
biopsy according to the prevailing AS criteria in fact
exhibited high-grade disease following radical prosta-
tectomy.’ In order to address the discrepancy between
the established criteria and the actual clinical out-
comes, and to enhance the classification of pCA,
there is a necessity for research to be conducted with
a view to identifying new biomarkers.* It is hypothe-
sised that, as a consequence of these studies, it may
be feasible to identify patients with GSU earlier and
more accurately.!

Systemic inflammatory status has been demon-
strated to be a significant predictor of unfavourable
outcomes in numerous types of cancer. A number of
cytokines and mediators, which are produced as a
secondary consequence of inflammation, have been
observed to increase cell proliferation, invasion, and
metastasis.> Serum albumin (A) and globulin (G) rep-
resent two of the most significant constituents of
human serum proteins. They play pivotal roles in in-
flammatory responses.® A is also associated with sys-
temic inflammation, although it is an indicator of
nutritional status.” A low level of A in the blood has
been linked to a lower chance of survival in patients
with upper tract urothelial carcinoma.® Similarly, high
levels of G in the blood are now seen as a sign of in-
flammation in cancer patients.’ In view of the poten-
tial variability of A levels, which can be influenced
by a variety of factors, including nutritional status and
inflammation, there has been a concerted effort to
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identify a more reliable biomarker. This objective has
been realised through the calculation of the albumin-
to-globulin ratio (AGR), which serves as an addi-
tional parameter indicative of the inflammatory state.
Previous studies have indicated that an operative low
serum AGR is associated with a poor prognosis in
various human cancers.'%"?

To date, researchers have focused on investigat-
ing the efficacy of AGR in predicting the prognosis
for men with advanced pCA prior to treatment. How-
ever, there is currently a lack of evidence regarding
the ability of AGR to predict the progression of pa-
tients with AS. Previous studies have suggested a po-
tential association between low AGR levels at the
time of the initial biopsy and subsequent progression
in patients with AS. The present study aims to ad-
dress these research questions in 2 ways. Firstly, it
will examine whether AGR can be utilised to predict
progression in AS patients in comparison with the
current criteria. Secondly, it will explore whether
AGR can be employed as a criterion for AS in this
group of patients.

I MATERIAL AND METHODS
STUDY DESIGN

Data from 121 patients who were under active
surveillance between 2018 and 2022 were retrospec-
tively analysed in this study.

EVALUATION OF PATIENTS

The following data were collected and analysed from
our hospital’s electronic patient records: Prostate spe-
cific antigen (PSA) value before the 1% biopsy
(PSA1) and the 2" biopsy (PSA?2), rectal examina-
tion results, clinical T stage status, maximum tumour
length in one core and number of positive cores. A, G
and total protein (TP) levels were recorded in addi-
tion to routine blood analyses.

A prostate biopsy is recommended when there
are signs of problems during a digital rectal exami-
nation (DRE) and when the PSA level in the blood is
above 2.5 ng/mL. Prior to undergoing the biopsy, all
patients were subjected to a multiparametric magnetic
resonance imaging (mpMRI) of the prostate. The ini-
tial biopsies were conducted under transrectal ultra-
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sound, targeting peripheral zones with a minimum of
12 cores, and were also performed as magnetic reso-
nance (MR) cognitive biopsies. Subsequent biopsies
were undertaken as MR fusion biopsies. The eval-
uation of the first biopsy specimens was conducted
by a different pathologist, while the second speci-
mens were evaluated by the same pathologist. In
accordance with the 2014 International Society of
Urological Pathology (ISUP) Consensus Confer-
ence on Gleason Grading of Prostatic Carcinoma,
both specimens were awarded the Gleason score
(GS).'* Although there are many different inclusion
criteria for AS published in the literature we used
Prostate Cancer Research International: Active
Surveillance (PRIAS) study criterias for selecting
patients for AS.'5 According to this, our criterias are
include: GS<6, clinical stage based on DRE of the
prostate Tlc-T2a, PSA<10 ng/mL, <2 positive
cores, and PSA density (PSAD)<0.2 ng/mL. A pro-
gramme of periodic clinical assessments was im-
plemented for all patients, incorporating DRE and a
PSA test on a quarterly basis for a period of 1 year.
Following the conclusion of the initial year, a 2"
biopsy was conducted on all patients. The definition
of progression was established as any alteration in
the histological pattern observed on subsequent
biopsies. For instance, a shift from Gleason ISUP 1
to 2 or 3 could be indicative of progression.'® Pa-
tients with active autoimmune disease, chronic in-
flammatory disease or haematological disease and
a history of concomitant secondary cancer, were ex-
cluded from the study.

The AGR was calculated using this formula: al-
bumin/globulin. Patients were divided into two
groups according to their progression status, and
AGR and other clinicopathological features were
then compared between these groups.

STATISTICAL ANALYSES

The analysis was conducted utilising IBM SPSS
Statistics 27.0 (SPSS Inc, Chicago, IL, USA). To as-
certain the normality of numeric variables, the Kol-
mogorov-Smirnov test was employed. Numerical
variables with a normal distribution were expressed
as meantstandard deviation. Data exhibiting non-
normal distribution were presented as median+in-
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terquartile range (IQR). Categorical variables were
presented as number and percent. The statistical anal-
ysis employed a range of tests, including the t-test,
Mann-Whitney U test, and chi-square test. The pre-
diction of progression cut-off value of AGR was de-
termined with receiver operating characteristic
(ROC) analyses. The effect of AGR, the number of
cores and tumour length in one core on progression
risk was calculated using logistic regression analy-
ses. P values less than 0.05 were considered statisti-
cally significant.

ETHIC

The study was compatible with the Helsinki Decla-
ration for laws and regulations, good clinical prac-
tice, and ethical principles and was approved by the
ethics committee of our hospital (date: November 14,
2022, no: 2022/326). Written informed consent was
obtained from all participants.

I RESULTS

Progression was observed in a total of 20 (16.5%) pa-
tients. The mean age of patients with no progression
was 63.69+2.9 years and for patients with progres-
sion were 63.05+2.8 years. There were no statistically
significant differences between the groups (p=0.376)
(Table 1).

The median A level of patients demonstrating no
progression was found to be 42 g/L (30-50), while the
mean TP level was 67 g/L (44.4-81). In contrast, the
median A levels in patients who exhibited progression
were 39.5 g/L (28.7-46.9), while the median TP lev-
els were 66.7 g/L (50.2-76). There was no clear dif-
ference in the groups when it came to A and TP
(p=0.135 and p=0.451, respectively). The median G
levels were further analysed according to progression
status, revealing a median value of 27.2 g/L (20.1-33)
in patients who progressed, as compared to 24 g/L
(13-32) in those who did not. A significant statistical
distinction was observed between the 2 groups re-
garding G (p=0.001). The mean AGR of the patients
without progression was found to be 1.7 (SD=0.16),
while the mean of the patients with progression was
1.4 (SD=0.18). This finding indicates a statistically
significant difference between the groups in terms of
mean AGR (p=0.001), as illustrated in Table 1.
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TABLE 1: Group characteristics
Progression

Yes No p value
Age (year) 63.05+2.8 63.69+2.9 0.376°
Albumin  (glL) 39.5 (28.7-46.9) 42 (30-50) 0.135°
Globulin  (g/L) 27.2 (20.1-33) 24 (13-32) 0.001%"
TP (g/L) 66.7 (50.2-76) 67 (44.4-81) 0.451%
AGR 1.4+0.18 1.7+0.16 0.001%
PSA1 (ng/mL) 5.3 (3.5-8.4) 5.3(3.3-9.6) 0.62°
PSA2 (ng/mL) 5.8 (3.6-8.5) 55(3-0.8) 0.82°

*t-test; "Mann-Whitney U test; *statistically significant (p<0.05); AGR: Albumin to globu-
lin ratio; PSA: Prostate specific antigen; TP: Total protein

TABLE 2: Parameters that affect progression
Progression
Yes No p value
PSAD (ng/mL?) 0.09 (0.06-0.2) 0.1(0.05-0.2) 0.496°
Length (cm) 2(1.1-2.5) 1.6 (1-2.5) 0.01
AGR <1.6 18 (90 %) 28 (38.4%) o
>1.6 2(10 %) 73 (62.6%)
T stage Tic 9(10.2 %) 79 (89.8%) 0.002"
T2a 11 (33.3 %) 22 (66.7%)
Number of core 1 9 (8.7 %) 94 (91.3%) 0.001"
2 11 (61.1 %) 7(38.9%)

aMann-Whitney U test; °Chi-Square Test; *statistically significant (p<0.05);
PSAD: Prostate specific antigen density; AGR: Albumin to globulin ratio

Median PSAD was 0.1 (0.05-0.2) for the patients
without progression and 0.09 (0.06-0.2) for the pa-
tients with progression. The results demonstrate a
clear progression, with no statistically significant dif-
ferences observed in the PSAD (p=0.496). The me-
dian tumor length in one core was 1.6 (1-2.5) cm. for
the patients without progression and 2 (1.1-2.5)
cm. for the patients with progression. There were sta-
tistically significant differences in the tumor length
between groups (p=0.001). When the T stage and the
number of cores involved with cancer were examined
in terms of progression, T stage and the number of
cores involved with cancer had a statistically signif-
icant effect on progression. All parameters which ef-
fect progression showed in Table 2.

The ROC curve was constructed to ascertain the
distinctiveness of the AGR values in order to deter-
mine the progression. The area under the curve was
found to be 0.881 (95% CI 0.790-0.971), indicating

statistical significance. The ROC analysis was then
utilised to determine the optimal AGR cut-off value,
which was established to be 1.6. (Figure 1). In the ab-
sence of progression in 28 patients (38.4%) with low
AGR values (<1.6), progression was observed in 18
patients (90 %) (p=0.001). Utilising the 1.6 cut-off
point, the sensitivity and specificity of AGR the pre-
dictive values for progression were found to be 90%
and 62.6 %, respectively (Figure 1).

There was no significant difference between the
PSA1 and PSA2 levels in the groups that did and did
not progress (p=0.62 and 0.82, respectively). How-
ever, a discrepancy was observed between the 2 PSA
measurements in the progression group when the
groups were evaluated within themselves (p=0.007
and 0.437, respectively). Of the 20 patients demon-
strating progression, 16 exhibited higher PSA2 levels
in comparison to PSA1 (Table 3).

Univariate analysis was conducted to ascertain
the impact of various factors on tumour progression.
The findings revealed that low AGR values, the num-
ber of cores involved, T stage and the length of the tu-
mour in one core were significantly associated with
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0,0 0,2 04 0,6 08 10
1-Specificity
95% Cl
Area Lower Upper Sensitivity  Specificity Cut Off p value
0,881 0,790 0,971 62,6% 90% 16 0,001

FIGURE 1: Determination of the cut of value predicting progression by receiver
operating characteristic analysis. Cl: Confidence interval.

TABLE 3: PSA variation within groups

PSA1 (ng/mL) PSA2(ng/mL) p value
Progression group 5.3(3.5-84) 5.8 (3.6-8.5) 0.007%
Non-progression group 5.3 (3.3-9.6) 5.5(3-9.8) 0.4372

aWilcoxon signed rank test; *statistically significant (p<0.05);
PSA: Prostate specific antigen
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TABLE 4: Results of the logistic regression analyses
Univariate Multivariate
95%Cl 95%Cl
p value OR Lower Upper p value OR Lower Upper
T stage® 0.004* 4.389 1.615 11.926 0.053 4.296 0.982 18.799
Length 0.021* 3.980 1.237 12.803 0.053 5.370 0.975 29.557
Number of core® 0.001* 16.413 5.101 52.809 0.001* 18.625 3.262 106.343
AGR<1.6° 0.001* 23.464 5.109 107.763 0.001* 36.985 5.553 246.348

eref T1c; °ref one core; ref AGR>1.6; *statistically significant (p<0.05); AGR: Albumin to globulin ratio; CI: Confidence interval

progression. Low AGR (<1.6) was found to be a
more effective indicator of progression than the
length and T stage, but similar to the number of cores.
The multivariate analysis indicated that low AGR
values and the number of cores were more effective
in explaining the progression of the disease than the
other parameters. The findings of this study indicate
that low AGR values (less than 1.6) are more effec-
tive in predicting disease progression than the num-
ber of cores (Table 4).

I DISCUSSION

The present study demonstrated that AGR has the ca-
pacity to function as a valuable predictive instrument
in determining progression in patients with AS. Ac-
cording to the results obtained, before the initial
biopsy, AGR<1.6 was a predictor of progression. A
review of the extant literature reveals that AS studies
are predominantly grounded in pathological evalua-
tion following radical prostatectomy.!” The present
study will be the first to investigate the effect of AGR
on progression in patients under AS who did not un-
dergo radical prostatectomy.

Recent advancements in the field of cancer bi-
ology have elucidated a correlation between systemic
malnutrition and inflammation with unfavourable
prognoses in cancer cases.'®!” In the process of in-
flammation, there is an observed decrease in serum A
levels, whilst G levels increase. Given that albumin
levels can be low due to nutritional status outside of
the inflammatory response, it was hypothesised that
the AGR would be a more effective indicator of in-
flammation.?*?! The present study lends support to
this hypothesis. In this study, G levels were found to
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be higher in the group with progression compared to
the group without progression, while A levels de-
creased in the group with progression. However, no
statistical significance was observed. However, when
AGR levels were analysed, a significant difference
was found between the 2 groups.

The predictive role of AGR in pCA has been the
subject of investigation in several studies. The ma-
jority of these studies were conducted in cases of ad-
vanced pCA.”?>* The findings of these studies
demonstrated that diminished AGR levels were as-
sociated with diminished cancer-specific survival
(CSS), progression-free survival and earlier incidence
of biochemical recurrence. Furthermore, Wang et al.
demonstrated that AGR retained its efficacy in pre-
dicting CSS, irrespective of albumin levels. This find-
ing corroborates the hypothesis that AGR exhibits an
advantage over either parameter alone in demon-
strating inflammation. Chung et al. evaluated the use
of AGR in predicting gleason score up-grading in pa-
tients with organ-confined prostate cancer.’* The
study demonstrated that men who had low AGR be-
fore treatment had worse results, including noncon-
fined disease (>pT3) and a high pathologic Gleason
score (=8). In the present study, low AGR was
demonstrated to predict progression, a finding that
aligns with the study conducted by Chung et al. Our
study suggests that it would be better to choose ac-
tive treatment instead of AS in patients with low
AGR.

As a secondary objective of this study, regres-
sion analyses were conducted to ascertain the contri-
bution of low AGR in predicting progression and to
ascertain the feasibility of incorporating AGR into
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the AS criteria. To this end, univariate and multi-
variate regression analyses were performed for T
stage, number of involved cores, tumour length in a
cord and AGR univariate and multivariate regression
analyses. The findings of the regression analysis
demonstrated that low AGR values were superior in
predicting progression compared with other parame-
ters.

The present study has some restricted. Firstly,
the number of patients included was comparatively
small. Secondly, the study was retrospective in na-
ture. Furthermore, the fact that the initial prostate
biopsy specimens were evaluated by a number of dif-
ferent pathologists may have resulted in a low GS.
The low staging probability at the beginning may
have resulted in a high progression rate. It is impor-
tant to note that, due to the retrospective nature of this
study, there is a possibility of selection bias. There-
fore, it is essential to exercise caution when evaluat-
ing the results. Notwithstanding these restrictions, we
did not consider our findings to be inconsistent with
the current literature explaining the link between in-
flammation and cancer.

I CONCLUSION

In this study, we show that low levels of AGR are a
significant predictor of progression in patients with
AS. Based on our results we can say low AGR can re-

flect the status of immune inflammation and can act
as a indicator for AS. Consequently, we propose that
AGR values should be incorporated into AS criteria,
in addition to other established criteria. If our results
are confirmed by further studies, pre-treatment AGR
could be considered a commonly able to be used, af-
fordable, objectively measurable, and avert repro-
ducible biomarker. In this case, it may be beneficial
in terms of accurately defining the AS patient groups.
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