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ABSTRACT:  

Background: Urinary bladder (UB) and Renal Cell Carcinoma 

(RCC) are common in men than women with poor outcome. The 

novel immunotherapy (IT) drugs like Immune Check Point 

Inhibitors (ICIs) are effective but expensive. However, a cost-

effective and reliable biomarker to predict response and clinical 

outcomes is lacking.Objective: To study the association of 

biochemical parameters, histopathological type, grades, number of 

immunotherapy cycles and demographic factors (age and gender) 

with Progression Free Survival (PFS) and Overall Survival (OS) in 

urinary bladder and renal cell Carcinoma patients treated with 

immune check point inhibitors. Method: It is a retrospective 

analysis. We included 52 patients with Urinary bladder and Renal 

Cell Carcinoma treated with immune check point inhibitors and the 

patients registered at Tata memorial cente from Jan 2008 to Dec 

2019. Clinical evaluation and laboratory investigations were 

performed as a part of standard protocol. Laboratory parameters like 

Albumin(A), Globulin(G), Albumin Globulin Ratio(AGR), 

Histopathological Report (HPR) and tumour grade(low and high) of 

the Urinary bladder and Renal Cell Carcinoma were studied at the 

time of Tata Memorial Centre enrolment (TMH Enrol) and before 

the start (pre-treatment) of the immune check point inhibitors 

therapy. Results: Amongst the biochemical parameters, the pre-

treatment Albumin Globulin Ratio was significantly associated with 

overall survival of the disease with p-value 0.035; hazard ratio 2.196 

(95% CI – 1.057- 4.564). The progression free survival was not 

significant with p-value 0.093; hazard ratio 1.867 (95% CI – 0.901- 

3.869) in the pre- treatment Albumin Globulin Ratio.The median-

based cut off for Albumin Globulin Ratio at pre- immune check 

point inhibitors therapy was found to be 1.1 (IQR 0.9-1.3) to 

differentiate between progressed and non-progressed cases with 

53.3% sensitivity and 55.6% specificity and for overall survival, the 

sensitivity and specificity was 56.7% and 61.1% respectively.When 

demographic parameters like age and gender was analysed, there was 

no significant association with progression free survival and overall 

survival of disease. Also the progression free survival and overall 

survival of disease were not significant in histopathology type 

(Urinary bladder and Renal Cell Carcinoma) and tumour grade (low 

and high). The number of immunotherapy cycles were significantly 

associated with progression free survival with p = 0.029: hazard ratio 

0.457 (95.0% CI 0.226 - 0.921)   but not with overall survival of the 

disease. Conclusion: Simple, routinely available and cost effective 

Albumin Globulin Ratio from biochemical test has a great potential 

to be used as a biomarker to predict the overall survival in patients 

with urinary bladder cancer and Renal Cell Carcinoma patients 

treated with immune check point inhibitors. 
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1. Introduction 

 

Genitourinary cancer deals with cancers of the urinary system of men and women and the 

reproductive organs in men. Urinary cancers are resulting from abnormal neoplastic growth of 

cells in the prostate, bladder, kidney, adrenal gland, urethra or other parts of the urinary tract 

system. 

Urinary bladder cancer (BC) is one of the most prevalent urological cancers all around the world; 

with an increasing rate of morbidity and mortality (1). It is the 9th most commonly diagnosed 

cancer, and the 13th cause of cancer-related mortality worldwide (2). BC cancer begins when 

healthy most commonly urothelial cells in the bladder lining, change and grow out of control, 

forming a mass or tumour. Urothelial cells also line the renal pelvis and ureters. Malignant growth 

arising in the renal pelvis and ureters are also included in urothelial cancers which frequently 

called upper tract urothelial cancer and treated similar to bladder cancer.  

Renal Cell Carcinoma (RCC), the most common and lethal malignant type of kidney tumour, 

accounts for about 2-3% of all malignant diseases in adults. Worldwide, there are over 400,000 

new cases of RCC. Over 170,000 deaths occur annually due to kidney cancer (3). Clear cell RCC 

(ccRCC) is the most common subtype of RCC, accounting for approximately 70 - 80% of the 

cases (4). 

Sex and gender disparities exist in all facets of healthcare and disease which can arise as a result 

of several factors, including social, behavioural, and biological determinants of health (5). 

Biological differences that drive health discrepancies can lead to altered clinical outcomes for 

male and female subjects. Therefore, it is pivotal to have a thorough understanding of the 

biological differences between men and women in order to develop more personalized 

preventative measures and treatment plans for different diseases. 

BC is four times more common in men than women, with respective to occurrence of 9.6/100,000 

among men and 2.4/100,000 among women worldwide (6). RCC is approximately two times more 

common in men compared to women (7). It can be aggressive and grow faster than other kidney 

cancers. Several studies have demonstrated sex-related differences in Bladder cancer oncologic 

outcomes. They are due to genetic, anatomic, hormonal, social and environmental factor 

differences that may be operational between males and females (8–10). However age is also an 

indicator used to assess prognosis in many solid cancers, especially in clear cell Renal Cell 

Carcinoma (ccRCC), and is an important risk factor (11, 12). However, we focused on age and 

gender disparities in bladder cancer and renal cell cancer patients treated with ICIs to identify any 

difference in survival outcome.   

Bladder cancer cells can also be described as either low grade or high grade. Low grade BC 

cancer is less likely to grow, spread and come back after treatment. High grade BC cancer is more 

likely to grow, spread and come back after treatment (13-17).  

Tumour stage is the key prognostic variable in renal cell carcinoma (RCC).  The most accepted 

and widely used system for grading renal cell carcinoma (RCC) is a nuclear grading system 

described in 1982 by Fuhrman et al, which synchronously evaluates nuclear size and shape, and 

nucleolar prominence. However, disagreement and grading imprecision may occur among these 

three parameters, leading to the Fuhrman grading irrelevant. In 2012, the International Society of 

Urologic Pathologists (ISUP) proposed a novel, validated grading system for clear cell renal cell 

carcinoma (ccRCC) and papillary renal cell carcinoma (pRCC) which has been implemented by 

the World Health Organization (WHO) (18-21).  
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Inflammation is a distinctive characteristic of cancer that reflects the host’s immune response to 

cancer cells. The compromised immune response essentially contributes to the development and 

progression of malignancies. In many cancer cases, there are increasing evidence for the role of 

dysregulated local and systemic immune responses in the progression of tumours and disease-free 

survival of patients. The knowledge of dysregulated immune responses and inflammatory 

reactions provides a prospect to study the biomarkers associated with these immune responses and 

inflammatory reactions and their usefulness to predict the clinical course of diseases and 

therapeutic responses. 

Albumin and globulin are two major serum proteins that can indicate the systemic inflammatory 

response. Albumin regulates the systemic inflammatory reaction, as well as exerts antioxidant 

effects. It also plays an important role in stabilizing cell growth and DNA replication. A low level 

of albumin has been valuable prognostic tool for various cancers. Globulin increases with the 

accumulation of acute-phase proteins and immunoglobulins, which indicate an immunologic and 

inflammatory state. Thus these two proteins play an important role in immunity and inflammation. 

Low albumin levels can decrease the response to treatment in cancer patients, and its clinical role 

as an adverse prognostic biomarker was also reported in various human malignancies. Albumin-

to-globulin ratio (AGR) is also reported to be a potential prognostic biomarker in several cancers 

(22, 23). Considering increase in morbidity and mortality, it is apparent that search for 

independent, low-cost, standardized, reliable and reproducible prognostic biomarkers are needed. 

Immune checkpoint inhibitors (ICIs) have reported incomparable results in the treatment of BC 

and RCC patients, as monotherapy or in combination with other anticancer agents. However, very 

little information is available regarding the association between different clinic-pathological 

features and survival in this setting. 

The recent findings of immune checkpoint inhibitors (ICIs) such as Programmed cell Death 1(PD-

1) inhibitors, Cytotoxic T- Lymphocyte – associated Antigen 4(CTLA4) inhibitors, etc., has 

transformed the therapeutic dynamics in many solid tumour cancers with poor clinical outcomes 

including genitourinary cancer. However, these novel immunotherapy drugs are very expensive 

and hence less economical in low and middle-income countries like India. Moreover, data shows 

that these novel immunotherapy drugs are not effective in a subset of patients. Hence, it is more 

relevant to use these expensive therapies in selective patients who will benefit from such 

therapies. Unfortunately, no routinely available biomarker can be used to evaluate the 

effectiveness of these ICIs in patients with Urinary bladder (UB) and Renal Cell Cancer (RCC).  

Therefore, there is a grave need to identify routinely used cost-effective, reliable, reproducible 

biomarkers to predict therapeutic response and clinical outcomes in patients with genitourinary 

cancers treated with ICIs. Furthermore, a universal prognostic factor that can predict survival 

regardless of the type of cancer will help to simplify the management of cancer patients.  

Thus, in this study, we aimed to investigate the clinical utility of laboratory biomarkers and 

analyse the association of biochemical parameters, histopathological grades, number of 

immunotherapy cycles and demographic factors with progression free survival (PFS) and overall 

survival (OS) in UB and RCC patients treated with ICIs. 

 

2. Material and Methods 

 

This is a retrospective study. The patients of urinary bladder and RCC, who were enrolled at TMC 

from Jan 2008 to Dec 2019 were included. Amongst these 52 patients of  urinary bladder and 
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RCC, the first  treatment with ICIs started from November 2016 though the first patient was 

registered at TMC in Jan 2008.  

 

Clinical evaluation and laboratory investigations were performed as a part of standard protocol. 

All patients had biochemical test collected on the date of TMC enrollement and within 7 days 

before start of immunotherapy. Amongst the biochemical parameters Albumin(A), Globulin(G), 

AlbuminGlobulin Ratio(AGR) were studied at the time of TMH enrolment (TMH Enrol) and pre-

treatment (before the start) of the ICIs therapy (IT). Histopathology report(HPR) obtained from 

surgical pathology. Low grade was considered as geade 1 and 2 where as  high grade was 

cosidered as grade 3 and grade 4 for urinary bladder cancer as well as for RCC  grade based on 

Fuhrman grading and ISUP grading . 

Patient’s demographic data (age, gender), treatment history (immunotherapy cycles), and 

laboratory data were obtained from Electronic Medical Record (EMR) of Tata Memorial Centre 

(TMC). 

The combination of two immune checkpoint inhibitors - ipilimumab (Yervoy) and nivolumab 

(Opdivo) - has been approved for the treatment of advanced kidney cancer in first line therapy. 

Two combinations of targeted therapy plus an ICI have been approved for people with advanced 

kidney cancer in first line therapy. 

o Pembrolizumab (Keytruda), plus the targeted drug axitinib (Inlyta) 

o Pembrolizumab plus lenvatinib 

o Nivolumab plus cabozantinib 

In second line therapy single agent immunotherapy (Nivolumab) has been used. 

For patients with urinary bladder cancer, Pembrolizumab or Nivolumab or Atezolizumab were 

used either in first line or second line therapy. 

 

Inclusion Criteria:  

• Patients diagnosed with urinary bladder and kidney cancer in TMC from Jan 2008 to Dec 2019 

and treated in adult medical oncology.  

• Patients treated with ICIs in TMC between 2008 to Dec 2019.  

• Patients treated during palliative intent ICIs either in first/ second line therapy of their course.  

 

Exclusion criteria: 

 • Patients with inadequate clinical/demographical data available in TMC EMR.  

• Patients receiving ICIs in adjuvant setting. 

The TMC patients demographic were recorded at the time of TMC enrolment, histopathology 

report and grading done after the biopsy at TMC or slides were reviewed at the time of TMC 

enrolment. Biochemistry laboratory had received the whole blood samples for biochemical test at 

the time of TMH enrolment (TMH Enrol) and pre-treatment (before the start) of the ICIs therapy 

(IT). The biochemical parameters were analysed using automated biochemical analysers Au5800 

and Cobos6000. The start of immunotherapy drugs and number of immunotherapy cycles were 

recorded from clinical evaluation from EMR. 

 

Statistical analysis: 

Descriptive statistics were used to summarize the data. Categorical data was summarized using 

counts and percentages. Continuous data is summarized using Median (IQR). The association 

between the HPR, grades with progression status were assessed using chi-square test.   

about:blank
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The PFS and OS were estimated between the HPR groups, grades groups, age, gender, number of 

immunotherapy cycles (<6 and >6 cycles), AGR ratio categorized at 1.11 (median value) at TMH 

enrolment and before start of Immunotherapy using Kaplan- Meier method. Log-rank test was 

used to compare the survival between the AG ratio <1.11 and >=1.11. Cox Proportional hazards 

model was used to estimate the Hazard Ratio with 95% CI. 

 

The median (IQR) and mean (SD) of albumin, globulin, AGR ratio were evaluated. Box-whisker 

plots were used to graphically represent the distribution of AGR ratio across progressed and non-

progressed groups. A p-value less than 0.05 were considered as statistically significant. All 

statistical analysis was performed in IBM SPSS version 29. 

Sample size: 

Retrospectively patients diagnosed with urinary bladder and kidney cancer in TMC enrolled from 

Jan 2008 to Dec 2019 and treated with ICIs from November 2016 were included in the analysis. 

 

3. Results 

 

Within the cohort, tumour histology includes 26 (50%) urinary bladder cancers and 26 (50%) 

renal cell carcinoma cases treated with immunotherapy drugs. There sub classification of both the 

cancer cases was shown in Table (1) according to histopathology report (HPR). Amongst urinary 

bladder cancer patients, papillary urothelial carcinoma and high grade urothelial carcinoma cases 

were highest. Clear cell renal cell carcinoma patients were around 65% in renal cell cancer 

patients.  

Patients had median age of 63 (IQR 58-72) years, 42(81%) were men and 10(19%) were women. 

Amongst 52 patients, the median immunotherapy cycles were 12 (IQR 6-16). The disease 

progression of urinary bladder and RCC patients was based on radiology reports. Response was 

evaluated for 52 patients with computed tomography, positron emission tomography or magnetic 

resonance imaging, 34 (65%) patients were found to be with disease progression and 18(35%) 

patients had no disease progression Table (1).  

GENDER 

Female 10(19%) 

AGE Median - 63 (IQR 58-72) Years 

GRADE 

Low grade 12 (23%) 

High grade 40 (77 %) 

IMMUNOTHERAPY CYCLES Median - 12 (IQR 6 -16) Cycles 

RESPONSE 

Progression 34 (65.4%) 

No progression 18 (34.6%) 

HPR Type 

UB 26 (50%) 

RCC 26 (50%) 

Papillary urothelial carcinoma (9) Clear cell renal cell carcinoma (17) 
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Poorly differentiated (1) Metastatic renal cell carcinoma (3) 

Solid urothelial carcinoma (3) Collecting duct carcinoma  (2) 

Metastatic  urothelial carcinoma (1) Papillary renal cell carcinoma (3) 

Papillary and solid urothelial carcinoma (3) 
Conventional Renal cell carcinoma  (1) 

High grade urothelial carcinoma (9) 

Table (1): Demographic and sub classification of UB and RCC patients. 

 

Albumin and globulin are two major serum proteins that can reflect the systemic inflammatory 

response in cancer patients. Therefore, amongst the biochemical parameters, these two parameters 

and their ratio were evaluated with progressed and non-progressed groups. Since the data of 

albumin, globulin and albumin globulin ratio (AGR) was not normally distributed, the median 

(IQR) was reported for progressed and non-progressed groups.  

 

The median (IQR) for albumin were 3.7 (3.1 - 3.9) and 3.9 (3.5 - 4.3) at the time of TMC 

enrolment and the pre-treatment of the ICIs therapy (before start of IT) respectively for the non-

progressed group. Similarly the median (IQR) for albumin were 3.7 (2.7 - 4) and 4 (3.8 - 4.3) at the 

time of TMC enrolment and the pre-treatment of the ICIs therapy (before start of IT) respectively 

for the progressed group. 

 

The median (IQR) for globulin were 3.1 (2.6 - 3.9) and 3.5 (3.1 - 3.9) at the time of TMC 

enrolment  and the pre-treatment of the ICIs therapy (before start of IT) respectively for the non-

progressed group. Similarly the median (IQR) for globulin were 3.5 (3.1 - 4.6) and 3.6 (3.2 - 4.1) 

at the time of TMC enrolment and the pre- treatment of the ICIs therapy (before start of IT) 

respectively for the progressed group. 

When AGR was evaluated, the median (IQR) for AGR were found to be 1.2 (0.8 - 1.4) and 1.1 

(0.9 - 1.3) at the time of TMC enrolment and the pre-treatment of the ICIs therapy (before start of 

IT) respectively for the non-progressed group. Similarly the median (IQR) for AGR were 0.9 (0.8 - 

1.1) and 1.1 (1 - 1.3) at the time of TMC enrolment and the pre-treatment of the ICIs therapy 

(before start of IT) respectively for the progressed group. 

There was no significant difference between distribution of albumin; globulin and AGR at the 

time of TMC enrolment and the pre-treatment of the ICIs therapy (before start of IT) when 

compared with progressed and non-progressed group using Mann-Whitney U test Table (2). 

 

PARAMETERS 

NON PROGRESSED PROGRESSED 

p-value 
N 

Mean 

(SD) 
Median (IQR) N 

Mean 

(SD) 

Median 

(IQR) 

Albumin at TMC 

Enrolment 
16 3.5 (3.7) 3.7 (3.1 - 3.9) 19 3.4 (3.7) 3.7 (2.7 - 4) 0.833 

Globulin at TMC 

Enrolment 
16 3.2 (3.1) 3.1 (2.6 - 3.9) 19 3.7 (3.5) 3.5 (3.1 - 4.6) 0.066 

AGR at TMC 

Enrolment 
16 1.1 (1.2) 1.2 (0.8 - 1.4) 19 1 (0.9) 0.9 (0.8 - 1.1) 0.117 

Albumin before 

start of IT 
18 3.8 (3.9) 3.9 (3.5 - 4.3) 30 3.9 (4) 4 (3.8 - 4.3) 0.461 
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Globulin before 

start of IT 
18 3.6 (3.5) 3.5 (3.1 - 3.9) 30 3.6 (3.6) 3.6 (3.2 - 4.1) 0.579 

AGR before start of 

IT 
18 1.1 (1.1) 1.1 (0.9 - 1.3) 30 1.1 (1.1) 1.1 (1 - 1.3) 0.84 

Table (2): The mean (SD), median (IQR) and p- value of biochemical parameters in the 

progressed and non-progress patients. 

 

                                                                                   

                                         

Figure (1): Boxplots representing the distribution of biochemical parameters among the 

progressed and non-progressed groups. 
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In males of 42 cases 27 were progressed with median PFS (mPFS) of 8.444 months (95% C.I. 

4.506 - 12.381) whereas in females of 10 cases 7 were progressed with mPFS of 18.168 months 

(95% C.I. 0 - 39.528) indicating no significant difference in PFS between males and females with 

p = 0.66. Amongst the age group, the mPFS in <63 years was 9.561 (95% C.I. 0.41- 18.711) and 

in >63 years was 7.622 (95% C.I. 3.855 - 11.389) show no significant difference with p = 0.635. 

However in 40 cases with high grade tumour stage, 28 were progressed with mPFS of 8.674 

months (95% C.I. 1.307 - 16.04) as compared to 12 low grade tumour stage, 6 cases progressed 

with mPFS of 9.561 months (95% C.I. 0 - 58.947) indicating no significant difference in PFS 

between the grades with p value 0.526. Histopathological  diagnosed 26 cases of urinary bladder 

cancer 20 progressed cases showed mPFS of 8.444 months (95% C.I. 0 - 17.104) whereas 14  out 

of 26 RCC cases showed mPFS of 9.561months (95% C.I. 0 - 31.346) indicating no significant 

difference in histopathology category with p= 0.462. 

In the cohort, mPFS in number of immunotherapy cycles <=6 is 2.234 (95% C.I. 0.989- 3.479) 

and in number of immunotherapy cycles >6 is 15.901 (95% C.I. 6.983- 24.819) showed 

significant difference with p value 0.025. 

The comparison of AGR at the time of TMH enrolment categorized at <=1.11 showed mPFS of 

8.674 months (95% C.I. 0 - 18.01) whereas AGR >=1.11 showed mPFS of 15.901 months (95% 

C.I. 11.521 - 20.282) indicating no significant difference with p value 0.151. On the other hand, 

the comparison of AGR before the start of immunotherapy categorized at <=1.11 showed mPFS 

of 7.622 months (95% C.I. 0.579 - 14.665) whereas AGR >=1.11 showed mPFS of 18.366 months 

(95% C.I. 5.929 - 30.802) indicating closer to significance with p value 0.088 Table (3) Figure 

(2). The results of PFS and OS estimates were obtained using Kaplan Meier (KM) method and 

compared between groups using log rank test in 52 cases (Table 3).  

 

Progression Free Survival 

Category 
Total 

No. 

No. of 

Events 

Median PFS 

in months 

95% Confidence Interval 
P 

Lower Bound Upper Bound 

Overall 52 34 8.674 2.259 15.088 
 

Gender 

Male 42 27 8.444 4.506 12.381 0.66 

Female 10 7 18.168 0 39.528 
 

Grade 

Low grade 12 6 9.561 0 58.947 0.526 

High grade 40 28 8.674 1.307 16.04 
 

HPR 

UB 26 20 8.444 0 17.104 0.462 

RCC 26 14 9.561 0 31.346 
 

No. of immunotherapy cycles 

<=6 17 14 2.234 0.989 3.479 0.025 

>6 35 20 15.901 6.983 24.819 
 

Age 
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<63 25 16 9.561 0.41 18.711 0.635 

>=63 27 18 7.622 3.855 11.389 
 

Albumin Globulin Ratio (AGR) 

AGR at 

TMC 

Enrolment 
      

<=1.11 17 11 8.674 0 18.01 0.151 

>=1.11 18 8 15.901 11.521 20.282 
 

AGR before 

start of IT       

<=1.11 24 16 7.622 0.579 14.665 0.088 

>=1.11 24 14 18.366 5.929 30.802 
 

Table (3): Enlist the estimates, total number and events, of PFS such as Median PFS with 95% CI 

with p value for comparison of PFS between the categories of variables using Log rank test. 

 

In 42 male patients, 25 deceased with median OS was 18.464 (95% CI 6.925 - 30.003) where as in 

10 female cases, 7 deceased with median OS of 19.055 (with 95% CI 11.472 - 26.639) indicating 

no significant difference in survival between males and females with p = 0.966. When age groups 

categorized at <63 and >=63 showed no significant difference in median OS 19.055 (95% CI 

2.797 - 35.313) and 18.464 (95% CI 14.573 - 22.355) respectively with p = 0.486. 

The tumour grade categorized at low and high grade showed no significant difference in median 

OS 5.651(95% CI 2.259- 9.042) and 19.055 (95% CI 11.445- 26.666) respectively with p = 0.364. 

Similarly the urinary bladder cancer and RCC histological type showed no significant difference 

in median OS 19.055 (95% CI 10.099 - 28.012) and 11.269 (95% CI 0 - 27.251) respectively with 

p = 0.971. 

The number of immunotherapy cycles categorized at. <=6 and >6 showed no significant 

difference in median OS 5.618 (95% CI 1.743 - 9.493) and 23.458 (95% CI 14.089 -32.826) 

respectively with p = 0.243. 

The AGR values at the time of TMH enrolment categorized at <1.11 and >=1.11 showed no 

significant difference in median OS 10.908 (95% CI 3.022 - 18.793) and 23.458 (95% CI 9.725-

37.19) respectively with p=0.728. The AGR values before start of immunotherapy categorized at 

<1.11 and >=1.11 showed significant difference in median OS 5.651 (95% CI 0-14.96) and 

28.156 (95% CI 10.69-45.62) respectively with p = 0.030 Table (4) Figure (2).  

Overall Survival (OS) 

Category 
Total 

No. 

No. of 

Events 

Median OS 

in Months 

95% Confidence Interval 
P 

Lower Bound Upper Bound 

Overall 52 32 18.464 10.124 26.804 
 

Gender 

Male 42 25 18.464 6.925 30.003 0.966 

Female 10 7 19.055 11.472 26.639 
 

Grade 
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Low grade 12 9 5.651 2.259 9.042 0.364 

High grade 40 23 19.055 11.445 26.666 
 

HPR 

Category 
Total 

No. 

No. of 

Events 

Median OS 

in Months 

95% Confidence Interval 
P 

Lower Bound Upper Bound 

UB 26 18 19.055 10.099 28.012 0.971 

RCC 26 14 11.269 0 27.251 
 

No. of immunotherapy cycles 

<=6 17 10 5.618 1.743 9.493 0.243 

>6 35 22 23.458 14.089 32.826 
 

Age 

<63 25 14 19.055 2.797 35.313 0.486 

>=63 27 18 18.464 14.573 22.355 
 

Albumin Globulin Ratio (AGR) 

AGR at TMC 

Enrolment       

<=1.11 17 9 10.908 3.022 18.793 0.728 

>=1.11 18 12 23.458 9.725 37.19 
 

AGR before 

start of IT 
     

 

<=1.11 24 17 5.651 0 14.962 0.03 

>=1.11 24 13 28.156 10.694 45.619 
 

Table (4): Enlist the estimates, total no. and events, of OS such as Median OS with 95% CI with 

p value for comparison of OS between the categories of variables using Log rank test. 
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Figure (2):  Enlisted the graphs with Kaplan Meier Curves for OS and PFS, Y axis indicate the 

Cumulative survival proportions and X axis indicates the PFS and OS duration in Months. 

 

Subgroup Variable Category 
N 

(Events) 
HR 95% CI P 

OS for 

RCC 

AGR before start of 

IT 
>1.11 8 (2) 1 

  
0.049 

  
<=1.11 16 (4) 4.698 

1.01

0 

21.85

6  

OS  for UB AGR before start of IT >1.11 16 (11) 1 
  

0.181 

  
<=1.11 8 (6) 2.050 

0.71

6 
5.869 

 

OS for RCC 
AGR at TMC 

Enrolment 
>1.11 7 (4) 1 

  
0.108 

  
<=1.11 8(5) 6.256 

0.67

0 

58.42

1  

OS  for UB 
AGR at TMC 

Enrolment 
>1.11 8 (5) 1 

  
0.928 

  
<=1.11 12 (7) 0.945 

0.28

2 
3.172 

 

OS for RCC No. of  IT cycles 
<=6 

Cycles 
10 (4) 1 

  
0.640 

  
>6 Cycles 16 (10) 1.327 0.40 4.345 
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6 

OS  for UB No. of IT cycles 
<=6 

Cycles 
7 (6) 1 

  
0.002 

  
>6 Cycles 19 (12) 0.030 

0.00

3 
0.263 

 

PFS for 

RCC 
AGR before start of IT >1.11 8 (3) 1 

  
0.131 

  
<=1.11 16 (9) 2.770 

0.73

7 

10.40

9  

PFS  for 

UB 

AGR  before start of 

IT 
>1.11 16 (11) 1 

  
0.200 

  
<=1.11 8 (7) 1.954 

0.70

2 
5.441 

 

PFS for 

RCC 

AGR at TMC 

Enrolment 
>1.11 7 (1) 1 

  
0.260 

  
<=1.11 8 (4) 

114.00

4 

0.03

0 

infinit

e  

PFS  for 

UB 

AGR at TMC 

Enrolment 
>1.11 8 (4) 1 

  
0.290 

  
<=1.11 12 (10) 1.880 

0.58

4 
6.047 

 

PFS for 

RCC 
No. of IT cycles 

<=6 

Cycles 
10 (7) 1 

  
0.449 

  
>6 Cycles 16 (7) 0.661 

0.22

6 
1.933 

 

PFS  for 

UB 
No. of IT cycles 

<=6 

Cycles 
7 (7) 1 

  

<0.00

1 

  
>6 Cycles 19 (13) 0.066 

0.01

6 
0.277 

 

 

Table (5): Indicates hazard ratios (HRs), confidence intervals (CIs), and associated p-values for 

different subgroups within the context of overall survival (OS) and progression-free survival 

(PFS) for renal cell carcinoma (RCC) and urinary bladder cancer (UB), based on various factors 

such as AGR levels and number of immunotherapy cycles. The hazards with >1 is considered as 

increased risk of developing the event of interest. 

 

The estimate of HR for OS and PFS were compared between the AGR <=1.11 and >1.11 groups 

and no. of immunotherapy cycles in subgroups of RCC and UB patients. 

In UB cohort, the HR for OS and PFS were 0.03 (95% CI 0.003 - 2.63) and 0.066 (95% CI 0.016 - 

0.277) respectively showing decreased hazards in >6 cycles of immunotherapy than patients with 

<6 months of immunotherapy. In RCC cohort, HR for OS in AGR at start of IT in <=1.11 group 

was 4.69 (95% CI 1.01 - 21.856) with p = 0.049 showing significant increase in hazards as 

compared to patients with >1.11 AGR value. 

The whole cohort (UB and RCC) was evaluated for hazard ratios (HRs), confidence intervals 

(CIs) and associated p-values, to compare the overall survival (OS) and progression-free survival 
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(PFS) with the AGR at the time of TMH enrolment and AGR before the start of IT and number of 

immunotherapy cycles using Kaplan Meier method. 

It has been observed that the HR for OS in AGR at the time of TMC enrolment categorised at 

<=1.11 is 1.47 (0.61 - 3.572) with p value 0.386 as compared to the >1.11 group of cases. The HR 

for OS in AGR before the start of immunotherapy categorised at <=1.11 is 2.196 (95.0% CI 1.057 

- 4.564) with p = 0.035 as compared to >1.11 group showing significant increase in hazards for 

death by 2.19 times. The HR for OS in number of immunotherapy cycles categorised at >6 Cycles 

was 0.636 (95.0% CI 0.295- 1.371) with p = 0.248 as compared to <=6 Cycles group of cases. 

Similarly the HR for PFS in AGR at the time of TMH enrolment categorised at <=1.11 is 3.041 

(95.0% CI 1.084 - 8.534) with p = 0.035 as compared to >1.11 group of cases showing significant 

increase in hazards for death by 3.04 times.  The HR for PFS in AGR before the start of 

immunotherapy categorised at <=1.11 was 1.867 (95.0% CI 0.901- 3.869) with p = 0.093 as 

compared to >1.11 group of cases. The HR for PFS in number of immunotherapy cycles 

categorised at >6 Cycles was 0.457 (95.0% CI 0.226 - 0.921) with p = 0.029 as compared to <=6 

Cycles group showing a significant increase in hazards for progression by 0.457 times Table (6). 

 

Variable Category N (Event) HR 95.0% CI for HR P 

OS 

AGR at TMC Enrolment 
>1.11 20 (12) 1 

  
0.386 

<=1.11 15 (9) 1.477 0.611 3.572 
 

AGR before start of IT 
>1.11 24 (13) 1 

  
0.035 

<=1.11 24 (17) 2.196 1.057 4.564 
 

No. of IT cycles 
<=6 Cycles 17 (10) 1 

  
0.248 

>6 Cycles 35 (22) 0.636 0.295 1.371 
 

PFS 

AGR  at TMC 

Enrolment 

>1.11 20 (14) 1 
  

0.035 

<=1.11 15 (5) 3.041 1.084 8.534 
 

AGR before start of IT 
>1.11 24 (14) 1 

  
0.093 

<=1.11 24 (16) 1.867 0.901 3.869 
 

No. of IT cycles 
<=6 Cycles 17 (14) 1 

  
0.029 

>6 Cycles 35 (20) 0.457 0.226 0.921 
 

 

Table (6): Hazards for AGR categorized at >1.11, <=1.11 before the start of Immunotherapy and 

at the time of TMH enrolment and number of immunotherapy cycles for OS and PFS in whole 

cohort. 

The median-based cut off for AGR at pre-ICI therapy was found to be 1.1 (IQR 0.9-1.3) to 

differentiate between progressed and non-progressed cases. The sensitivity of AGR values at the 

time of TMH enrolment categorized as <=1.11 and >1.11 showed 73.68 % (95% CI 48.80 - 90.85) 

an 62.50% (95% CI 35.43 - 84.80) specificity with Positive Predictive Value (PPV) of 70% (95% 

CI 53.99 - 82.27%), Negative Predictive Value (NPV) of 66.67% (95% CI 46.27 - 82.29%) and 

accuracy of 68.57 (95% CI 50.71 - 83.15%) showed a good diagnostic accuracy for detecting 

progression.  
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Similarly, the sensitivity for AGR before the start of immunotherapy were categorized as <=1.11 

and >1.11 showed 53.33% (95% CI 34.33 - 71.66) and 55.56%, (95% CI 34.33 - 71.66) 

specificity with PPV of 66.67% (95% CI 51.94 - 78.73), NPV of 41.67% (95% CI 28.91 - 55.64) 

and accuracy of 54.17% (95% CI 39.17 - 68.63) showed a good diagnostic accuracy for detecting 

progression Table (7).  

 

Category 

  

Disease 

Progression 

Total Statistic 
Valu

e 
95% CI 

  

Progres

sed 

Non 

Progres

sed 

AGR at TMC 

Enrolment 

 

 

 

 

 

 

<=1.

11 

 

 

Count 14 6 20 
   

% 

within 

AGR at 

TMC 

Enrolme

nt 

70.00% 30.00% 
100.0

0% 

Sensitivit

y 

73.68

% 

48.80 - 

90.85 

% 

within 

Disease 

Progress

ion 

73.70% 37.50% 
57.10

% 

Specificit

y 

62.50

% 

35.43 - 

84.80 

>1.1

1 

 

 

Count 5 10 15 

Positive 

Likelihoo

d Ratio 

1.96 
0.99 - 

3.91 

% 

within 

AGR at 

TMC 

Enrolme

nt 

33.30% 66.70% 
100.0

0% 

Negative 

Likelihoo

d Ratio 

0.42 
0.18 - 

0.98 

% 

within 

Disease 

Progress

ion 

26.30% 62.50% 
42.90

% 

Disease 

prevalenc

e (*) 

54.29

% 

36.65 - 

71.17 

Total 

 

 

Count 19 16 35 

Positive 

Predictiv

e Value 

(*) 

70.00

% 

53.99 - 

82.27 

% 

within 

AGR at 

TMC 

54.30% 45.70% 
100.0

0% 

Negative 

Predictiv

e Value 

(*) 

66.67

% 

46.27 - 

82.29 
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Enrolme

nt 

% 

within 

Disease 

Progress

ion 

100.00

% 

100.00

% 

100.0

0% 

Accuracy 

(*) 

68.57

% 

50.71 - 

83.15 

AGR before 

start of IT 

 

 

<=1.

11 

 

 

Count 16 8 24 
   

% 

within 

AGR 

before 

start of 

IT 

66.70% 33.30% 
100.0

0% 

Sensitivit

y 

53.33

% 

34.33- 

71.66 

% 

within 

Disease 

Progress

ion 

53.30% 44.40% 
50.00

% 

Specificit

y 

55.56

% 

30.76 - 

78.47 

AGR before 

start of IT 

 

 

 

>1.1

1 

 

 

Count 14 10 24 

Positive 

Likelihoo

d Ratio 

1.2 
0.65 - 

2.22 

% 

within 

AGR 

before 

start of 

IT 

58.30% 41.70% 
100.0

0% 

Negative 

Likelihoo

d Ratio 

0.84 
0.48 - 

1.48 

% 

within 

Disease 

Progress

ion 

46.70% 55.60% 
50.00

% 

Disease 

prevalenc

e (*) 

62.50

% 

47.35 - 

76.05 

Total 

 

 

Count 30 18 48 

Positive 

Predictiv

e Value 

(*) 

66.67

% 

51.94 - 

78.73 

% 

within 

AGR 

before 

start of 

62.50% 37.50% 
100.0

0% 

Negative 

Predictiv

e Value 

(*) 

41.67

% 

28.91 - 

55.64 
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IT 

% 

within 

Disease 

Progress

ion 

100.00

% 

100.00

% 

100.0

0% 

Accuracy 

(*) 

54.17

% 

39.17 - 

68.63 

Table (7): Diagnostic values for Progressed events for AGR categorized at 1.11 for TMH 

enrolment and before start of immunotherapy. 

 

4. Discussion 

 

Sex and gender divergence had been observed in bladder cancer, where males had a four times 

higher incidence rate, and females had significantly higher rates of high-grade disease and a less 

than 5-year survival rate. In bladder cancer, the androgen receptor and estrogen receptor beta had 

been identified with gender and tumour characteristics. In RCC, the relationships were less well 

described. In both BC and RCC, differences in gene mutation patterns among males and females, 

particularly among genes located on the X-chromosome, had also been identified. Ongoing 

research indicates that differences in immunological, hormonal, genetic, and epigenetic factors 

can contribute to these divergences, but the complete mechanism that causes this divergence is 

currently unknown. 

Age is also one of the indicators used to assess prognosis in many solid tumours, especially in 

clear cell renal cell carcinoma (ccRCC), and is a remarkable risk factor. In comparison to young 

people, older people had worse treatment results, lower survival rates, and a greater deterioration 

risk. This is probably related with the poor physical activity or underlying diseases in older people 

(24). Many research studies have found differences between young and older people, but no 

studies have reported differences between age groups and their impact on the prognosis of patients 

with ccRCC (25-27). 

In our study, we observed that, men had high incidence rate than women in BC and RCC. Also 

significantly high numbers of high-grade disease observed in BC and RCC  

The role of the inflammation in cancer development has received increasing awareness in recent 

years. Inflammation is considered as a prominent feature and an indication of cancer. Cancer-

related inflammation is correlated with the local immune reaction found at the site of the tumour, 

which involves tumour-derived and host-derived cytokines, small inflammatory protein mediators, 

and infiltrating immune cells acting in the local tumour micro-environment. Simultaneously, these 

inflammatory mediators also lead to systemic inflammatory responses. The release of 

inflammatory factors plays a major role in tumorigenesis and tumour development. Many 

inflammatory makers have been shown to be prognosticator of tumour prognosis. 

Effective prognostic markers could be used to find out the malignant degree of the tumour, as well 

as to carry out risk stratification and allow individualized treatment for cancer subjects. The 

postoperative tumour–node–metastasis (TNM) staging system is well accepted prognostic model 

for RCC patients in clinical practice, but its preciseness may be unsatisfactory, with outcomes of 

patients at the same stage being significantly different. However, the TNM staging system can 

only be evaluated in patients who undergo surgery. Therefore, a new laboratory marker to 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9597499/#B6
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complement the current risk stratification system of RCC patients is currently required for clinical 

decision-making (18). 

Currently many studies have indicated that there is a close correlation between pre-treatment 

serum albumin and tumour prognosis; especially, the low the concentration of pre-treatment 

serum albumin, the worst the prognosis in cancer patients 28-31. 

UB is highly invasive tumour with high mortality rate. In cases where patients received radical 

surgery, 20%-30% of them had recurrence and distant metastasis that seriously affect the quality 

of life (32–34). A common predictive indicators for UB, includes tumour stage, grade and lymph 

node status bur it is very hard to accurately predict the prognosis of patients before treatment 

alone (35). Currently researchers have developed models to predict the survival outcomes in many 

urinary cancer patients. Zhang et al. (36) developed a model which includes the clinic-

pathological features, AGR, C-reactive protein/Albumin Ratio (CAR), and Neutrophil-

Lymphocyte Ratio (NLR) to predict OS and PFS after radical surgery for BC. Chen et al. used the 

data of T stage, AGR, NLR, and Monocyte to Lymphocyte Ratio (MLR) to construct a model and 

used to evaluate the survival outcome in clear cell renal cell carcinoma (ccRCC) patients (37).  

Albumin and globulin are the two main proteins in the serum and correlated to nutritional status 

and systemic inflammation in cancer patients (38). The albumin globulin ratio (AGR) is a ratio 

that combines the two indexes (albumin and globulin). Current studies have disclosed that AGR is 

an independent prognostic factor for several cancers, for example multiple myeloma (39), non-

small cell lung cancer (40), and colorectal cancer (41). However the low AGR is associated with 

worse survival. Furthermore, the use of AGR to evaluate the clinical prognosis in patients with 

UC remains controversial. Current published literature show that UC patients with low AGR have 

a poorer prognosis; Pradere et al. (42) identified that pre-treatment AGR is not associated with OS 

or recurrence-free survival (RFS). 

In this present study, we examined the distribution of albumin; globulin and AGR at the time of 

TMC enrolment (TMH Enrol) and the pre-treatment of the ICIs therapy (before start of IT) were 

similar when compared with progressed and non-progressed group. The pre-treatment AGR was 

significantly associated with OS of the disease with p-value 0.035; hazard ratio 2.196 (95% CI – 

1.057- 4.564). The PFS was not significant with p-value 0.093; hazard ratio 1.867 (95% CI – 0.901- 

3.869) in the pre- treatment AGR. The limitation of our study is the small cohort size. 

The current studies of immune checkpoint inhibitors (ICIs) such as PD-1 inhibitors, CTLA-4 

inhibitors, etc., has revolutionized the therapeutic dynamics in many solid cancers with poor 

clinical outcomes including genitourinary cancer. It has become a major focus of kidney cancer 

treatment research. In resourceful countries, most patients with advanced kidney cancer receive 

ICIs at some point during their treatment. A small minority of people with clear-cell kidney 

cancer and other rarer types of the disease have their tumours disappear entirely during treatment 

with these drugs. 

Patients with urinary bladder cancer are also treated with immunotherapy that includes Bacillus 

Calmette-Guerin (BCG) vaccine as well as ICIs. BCG causes an immune system reaction that 

directs germ-fighting cells to the bladder and helps in cancer cell killing. More recently, ICIs have 

also been approved to treat bladder cancer. Pembrolizumab or Nivolumab or Atezolizumab is 

being used either in first line or second line therapy. These drugs help the immune system to 

identify and fight cancer cells.  

However, these novel immunotherapy drugs are very expensive and hence less affordable in low 

and middle-income countries like India. Moreover, data shows that these novel immunotherapy 

drugs are not effective in a subset of patients. Hence, it is more relevant to use these expensive 

https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B33
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B35
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B36
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B37
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B15
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B16
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B17
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B18
https://www.frontiersin.org/articles/10.3389/fonc.2022.992118/full#B19
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therapies in selective patients who will benefit from such therapies. Unfortunately, no routinely 

available biomarker can be used to evaluate the effectiveness of these ICIs in patients with 

genitourinary cancers. Therefore, there is an urgent requirement to identify routinely used cost-

effective, reliable, reproducible biomarkers to predict therapeutic response and clinical outcomes 

in patients with genitourinary cancers treated with ICIs. Furthermore, a universal prognostic 

factor that can predict survival regardless of the type of cancer will help to simplify the 

management of cancer patients. 

 

5. Conclusion 

  

Simple, routinely available and cost effective AGR from biochemical test has a great potential to be 

used as a biomarker to predict the overall survival in patients with urinary bladder cancer and RCC 

patients treated with ICIs. 
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