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Renal cell cancer (RCC) is the second most 
prevalent malignancy of the urinary tract, with 
431,288 cases identified each year around the world.1 
While most patients are diagnosed with localized dis-
eases, 30% of the patients are metastatic before diag-
nosis. Relapse occurs in 50% of the individuals who 
are diagnosed at the localized stage.2 Thus, more than 
half of the RCC patients eventually relapse or exhibit 
metastasis. 

The treatment of metastatic RCC (mRCC) has 
considerably progressed in recent years. While the 

median overall survival (OS) was around 1 year in 
the 1990s, it is almost 5 years with current treatment 
approaches.3 Immune checkpoint inhibitors (ICIs) are 
indispensable for mRCC therapy. In the first-line 
treatment, either the combination of ICI+ICI or 
ICI+anti-vascular endothelial growth factor (anti-
VEGF) tyrosine kinase inhibitor (TKI) is primarily 
recommended, while single agents, such as 
nivolumab and TKI, or their combination is recom-
mended for treatment at later stages.4 Although ICIs 
have revolutionized the treatment of mRCC, the re-
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sults of the treatment differ among patients. The most 
commonly used prognostic risk scoring system in 
mRCC is the International Metastatic RCC Database 
Consortium (IMDC) risk scoring system. However, the 
prognostic effect of the IMDC risk scoring system on 
ICI treatment is not clear. Additionally, no known 
marker can predict the ICI response in mRCC. The 
most investigated biomarkers for response to anti-PD1/ 
PDL1 agents were PDL-1 expression, microsatellite in-
stability, tumor mutational burden, and tumor-infiltrat-
ing cells. However, no study has shown that these 
biomarkers can predict the prognosis of mRCC.5 There-
fore, the search for suitable biomarkers is ongoing. 

The ABO blood group antigens are expressed on 
many cell membranes, especially on erythrocytes. 
Blood group antigens affect the stability and function 
of other glycans and proteins on the cell surface, and 
through these interactions, they modulate the binding 
of antibodies to the cell surface. Blood group anti-
gens/related genes affect the expression of many cell 
adhesion molecules, cytokines, and chemokines. 
Thus, they affect the tumor microenvironment.6 Al-
though ABO antigens and various cancers are related, 
the prognostic and predictive effects of these antigens 
remain under-studied.7 The anti-A and anti-B blood 
group antibodies are formed naturally by the immune 
system. When these antibodies encounter A or B anti-
gens, they activate the immune system and lyse the 
cells containing the antigen. Thus, the immune sys-
tem and the blood group system are linked. Since 
ICIs activate the immune system, they might interact 
with the ABO blood group. The relationship between 
blood group antigens and conventional chemothera-
peutic agents has been investigated in many types of 
cancers, and the results are debatable.7 However, the 
relationship between ICIs and the ABO blood group 
antigens has received limited attention. The only 
study on this subject was conducted by us on patients 
who were diagnosed with melanoma. In that study, 
the survival and response rates were found to be bet-
ter with ICI treatment in patients with the B antigen.8 

In this study, we investigated the predictive and 
prognostic value of the ABO blood group system in 
patients who were administered ICIs for treating ad-
vanced RCC. This is the first study conducted on pa-
tients with RCC. 

 MATERIAL AND METHODS 

PATIENTS 
We retrospectively reviewed the data of the patients 
diagnosed with mRCC, who applied to 6 different on-
cology centers in Türkiye and were administered 
nivolumab between January 2018 and June 2021. In 
Türkiye, a first-line TKI treatment is required before 
the administration of nivolumab for treating RCC, as 
per the health policies. Additionally, nivolumab can 
only be used in Türkiye. Hence, we only studied pa-
tients who were administered at least one dose of TKI 
and nivolumab separately in any of the following lines. 

The inclusion criteria were: patients with known 
ABO blood group, 18 years or older, histopathologi-
cal diagnosis with clear cell RCC, Eastern Coopera-
tive Oncology Group (ECOG) performance status ≤2, 
and measurable metastatic disease. Patients with non-
clear cell histology and brain metastases were ex-
cluded from the study. 

The ABO blood group, age, gender, smoking 
status, ECOG-performance status, the IMDC risk 
score, the number of metastatic sites, metastatic site 
localization, the line of use of nivolumab, RH blood 
groups, and laboratory parameters were recorded 
from the files of the patients. 

Nivolumab was administered every 2 weeks at a 
dosage of 3 mg/kg (maximum dose of 240 mg). All pa-
tients underwent a physical examination and basic lab-
oratory tests on the first day of each cycle, once every 
2 weeks. The tumor response rates were evaluated by 
performing computed tomography (CT), magnetic res-
onance imaging, or positron emission tomography/CT 
every 3 months following the criteria of iRECIST. 

The approval of the ethics committee Ankara 
City Hospital No. 1 Clinical Research Ethics Com-
mittee Presidency was obtained for this study ac-
cording to the criteria of the Declaration of Helsinki 
(date: March 23, 2022, no: E1-22-2499). 

ANALYSIS OF THE PROGNOSTIC FACTORS 
Seven variables that might have a prognostic effect 
on survival were selected from clinical and labora-
tory data. The selected variables were divided into 2 
or 3 groups; median age (<57 or ≥57 years), gender 
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(female or male), smoking (no or yes), the IMDC risk 
score status (low, intermediate, and poor), Rh factor 
(Rh negative or Rh positive), the ECOG performance 
score (0/1 or 2), and metastatic site number (1 or ≥2). 
According to the ABO blood group, the patients were 
evaluated in a four-arm trial, which included the A, 
B, AB, and O blood groups. Later, they were evalu-
ated in pairs. Additionally, a different comparison 
was made as groups containing the A antigen (A/AB) 
or without the A antigen (B/O) and containing the B 
antigen (B/AB) or without the B antigen (A/O). 

STATISTICAL ANALYSIS 
The Statistical Package for the Social Sciences Ver-
sion 22.0 (SPSS Inc., Chicago, IL, USA) program 
was used for statistical analysis. Mann-Whitney U 
test was performed to compare continuous variables. 
The median age was used as the cut-off value for age. 
Pearson’s chi-square test or Fisher test was conducted 
to compare categorical variables. The progression-
free survival (PFS) and OS were analyzed using the 
Kaplan-Meier method by performing the long-rank 
test. All differences between groups were considered 
to be statistically significant at p<0.05. A multivari-
ate Cox regression test was performed for the vari-
ables that were significant in the univariate analysis. 

 RESULTS 

The data from 89 patients who met the inclusion cri-
teria were included. The median age of all patients 
was 57 (range: 24-83 years) years, and 67% of the 
patients (n=60) were male. Many patients (65%) were 
administered sunitinib in the first-line treatment, 
while nivolumab was administered to 48% of the pa-
tients in the 2nd-line treatment, 40% in the tertiary-line 
treatment, and 12% in the 4th-line treatment. According 
to the IMDC risk classification, 26% of the patients 
were in the good class, 48% were in the intermediate 
class, and 26% were in the poor-risk class. Of the pa-
tients, 43%, 18%, 9%, and 30% had blood groups A, B, 
AB, and O, respectively. The characteristics of the pa-
tients are presented in Table 1. 

The median follow-up time of our study was 11 
months; the median OS was 16.6 months and PFS 
was 6.0 months for all patients. The PFS and OS of 
the groups were similar according to the ABO blood 

groups, but patients in the B blood group survived 
slightly longer. For the A, B, AB, and O groups, the 
median PFS was 5.3, 8.4, 3.7, and 7.8 months, re-
spectively (p=0.8), while the median OS was 14.5, 
20.3, 12.0, and 16.5 months, respectively (p=0.8). 
The results of the Cox regression analysis showed no 
significant difference between any 2 groups. The 
other analyses performed showed no significant dif-
ference between the groups according to the presence 
of the B antigen (B/AB vs. A/O) and the presence of 
the A antigen (A/AB vs. B/O). For the patients who 
received nivolumab only in secondary care (n=43), 
no significant difference in survival was found be-
tween the groups (p=0.7). The survival curves are 
shown in Figure 1. 

Complete response was not obtained in any of the 
patients. Partial response rates were 33%, 44%, 23%, 
and 25% for the patients with the A, B, AB, and O 
blood types, respectively, and the groups did not differ 
significantly (p=0.3). The survival outcomes and de-
tailed tumor responses are presented in Table 2. 

The results of the analysis performed to deter-
mine the factors that influence OS showed that only 
the ECOG performance score was a significant prog-
nostic factor independent of other factors (hazard 
ratio=0.46, 95% confidence interval=0.1-0.86, 
p=0.002). 

 DISCUSSION 

The ABO blood types did not have a prognostic or 
predictive impact on individuals treated with ICI for 
mRCC. Although patients with the B blood type sur-
vived longer, the duration was not significantly dif-
ferent from the survival of patients with other blood 
types. This could be due to the limited number of pa-
tients studied. 

The immune system can distinguish between 
self and non-self.9 Many cytokines, other molecules, 
and cells interact with a complex network for the im-
mune system to function efficiently. The relationship 
between the ABO blood group and an immune re-
sponse is well-established. Studies have shown that 
the ABO blood groups are associated with adhesion 
molecules, such as soluble intercellular adhesion 
molecule-1, integrins, and selectins.10 The ABO 
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blood groups are also associated with many cytokines 
and growth factors, such as tumor necrosis factor 
alpha. For example, Van Alsten et al. conducted a 
study with 3,537 patients and found that circulating 
sVEGFR2 and sVEGFR3 levels were lower in indi-
viduals with blood group A.6 A reduction in the ex-
pression of sVEGFR2 is associated with higher 
metastasis in neuroblastoma and breast cancer.11,12 
Even the differences in the level of angiogenesis are 
prominent and suggest that the ABO blood group 
might affect oncological outcomes. Based on the ef-
fects of blood groups on the immune system, studies 
have investigated the relationship between blood 
groups and cancer formation in many types of cancers 
and found conflicting results. Based on similar hy-
potheses, few studies have investigated the effect of 
blood groups on conventional methods of treatment.7 

While the interaction between the ABO blood 
group and the immune system is well-established, the 

relationship between the ABO blood group and the 
immunotherapy response is not clear. The first study 
on this subject was performed in 1981.13 In that study, 
the relationship between levamisole, which is used as 
an immunostimulant in patients with lung cancer, and 
blood types was investigated. Levamisole was hy-
pothesized to provide this effect by increasing the T-
helper (Th) 1-related immune response and 
decreasing Th2. The results showed that patients with 
the O blood group had lower survival. After that 
study, the relationship between immunotherapy and 
blood type was not sufficiently investigated. Another 
study, published nearly 35 years later, again showed 
a relationship between immunotherapy and blood 
types. Muthana et al. conducted a study in 2015 and 
investigated the relationship between PROSTVAC-
VF, a cancer vaccine, and ABO blood groups in pa-
tients (n=80) with prostate cancer.14 They found that 
the patients with blood type B had the longest me-

 A group (n=38) B group (n=16) AB group (n=8) O group (n=27) p-value 
Age, median (range) 54.0 (32-78) 55.5 (27-68) 64 ( 48-74) 60 (24-83) 0.1 
Sex       
    Female 14 (37%) 6 (38%) 3 (38%) 6 (22%) 0.6 
    Male 24 (63%) 10 (62%) 5 (62%) 21 (78%)   
Smoking       
    No 16 (42%) 8 (50%) 5 (62%) 11 (41%) 0.7 
    Yes 22 (58%) 8 (50%) 3 (38%) 16 (59%)   
ECOG performance status       
    0-1 28 (74%) 14 (%87) 6 (75%) 15 (56%) 0.1 
    0.2 10 (26%) 2 (13%) 2 (2%) 12 (44%)   
IMDC risk score       
    Low 9 (24%) 5 (30%) 3 (37%) 7 (26%) 0.9 
    Intermediate 19 (50%) 8 (50%) 4 (50%) 13 (48%)   
    Poor 10 (26%) 3 (20%) 1 (13%) 7 (26%)   
Number of metastatic sites       
    Multiple 24 (63%) 11 (69%) 4 (50%) 14 (52%) 0.6 
    Single 14 (37%) 5 (31%) 4 (50%) 13 (48%)   
Line using nivolumab       
    Second line 17 (45%) 7 (43%) 3 (38%) 16 (60%) 0.4 
    Third line 16 (42%) 6 (38%) 5 (62%) 9 (33%)   
    Fourth line 5 (13%) 3 (19%) 0 2 (7%)   
Rh group       
    Positive 35 (92%) 14 (88%) 7 (88%) 21 (78%) 0.1 
    Negative 3 (8%) 2 (12%) 1 (12%) 6 (22%)  

TABLE 1:  The characteristics of the patients. 

ECOG: Eastern Cooperative Oncology Group; IMDC: International Metastatic RCC Database Consortium.
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FIGURE 1: Kaplan-Meier curves for overall survival and progression-free survival. A) Overall survival of all patients. B) Progression-free survival of all patients. C) Overall 
survival based on the presence of the A antigen. D) Progression-free survival based on the presence of the A antigen. E) Overall survival according to the presence of the 
B antigen. F) Progression-free survival according to the presence of the B antigen.

 A group B group AB group O group p-value 
PFS (median) (95 CI%) 5.3 (2.5-8.0) 8.4 (4.6-11.2) 3.7 (0.5-8.7) 7.8 (3.0-12.5) 0.8 
OS (median) (95 CI%) 14.5 (3.5-25.5) 20.3 (13.6-27.0) 12.0 (1.0-23.1) 16.5 (6.7-26.7) 0.8 
Partial response 33% 44% 25% 23% 0.3 
Stable disease 33% 20% 30% 38% 0.6 
Disease control rate 66% 64% 55% 61% 0.8 
Progression 34% 36% 45% 39% 0.8 

TABLE 2:  The efficacy of nivolumab.

PFS: Progression-free survival; OS: Overall survival; CI: Confidence interval.
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dian OS (median=38 months), which was followed 
by the OS of type O (27.6 months), type AB (21.7 
months), and type A (15.8 months) patients, respec-
tively. Similarly, in our study, though statistically not 
significant, the longest survival was observed in pa-
tients with the B blood group. Although the number 
of patients in that study was similar to that in our 
study, the agent used was different. Although it is in-
correct to compare a vector vaccine with an ICI, both 
had roughly similar effects as immunostimulants. The 
last study on this subject was conducted by us in 
2021. In that study, we investigated the predictive and 
prognostic effects of the ABO blood group in patients 
using nivolumab as a single agent in advanced 
melanoma.8 In patients with melanoma, the longest 
PFS and the longest OS were observed in patients 
with blood group B (16.1 and 20.3 months for PFS 
and OS, respectively). However, a comparison of the 
4 arms showed no significant difference. When the 
patients were divided into groups based on the pres-
ence of the B antigen (B/AB vs. A/O), the presence of 
the B antigen was found to be significantly associ-
ated with longer survival. The design of this study 
was similar to that of our study on melanoma, except 
for the diagnosis of cancer. In this study, subgroup 
analysis was performed according to the presence of 
antigen, but the difference was not statistically sig-
nificant. When these studies are evaluated together, it 
suggests that B blood group may respond better to 
immunotherapy. However, due to the low number of 
patients in all three studies, a clear inference could 
not be made. 

In recent years ICIs have shown promising re-
sults in cancer treatment. However, responses vary 
between patients. Predictive factors, such as PDL-
1 level in lung cancer and MSI in colorectal can-
cer, are the most used predictive factors. However, 
these biomarkers cannot accurately predict the re-
sponse in every patient. Regarding RCC, no bio-
marker can predict the ICI response. Using the 
ABO blood group system, which is an easily ac-
cessible and inexpensive test, we might be able to 
select patients who can respond to ICIs more effi-
ciently. Therefore, validation of these results by 
performing studies with more patients is necessary 
for finding suitable biomarkers. 

Our study had some limitations. The most im-
portant limitation was that this was a retrospective 
study conducted with data from very few patients. 
Due to the small sample size, the survival differences 
were not significant. Second, because we included 
patients who were administered nivolumab in the 2nd, 
3rd, and 4th-line treatment, a heterogeneous patient 
population was formed that might have affected the 
oncologic outcomes. Third, we did not conduct an ad-
verse event analysis. We hypothesized that blood 
type might be associated with adverse events; how-
ever, we could not perform the analysis due to miss-
ing data. 

 CONCLUSION 

In this study, we examined the relationship between 
the ABO blood groups and the efficacy of ICIs in 
mRCC patients treated with nivolumab. Although the 
survival of the patients did not differ significantly 
among the groups, patients with the B blood group 
survived longer. Based on the results of this study and 
other studies, we conclude that the ABO blood group 
might predict the ICI response. Thus, this issue 
should be further investigated with more patients. 
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