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Abstract

Aim: We investigated the relationship between serum albumin level and the prognostic nutritional index (PNI) with tumor histopathology,
especially in localized clear cell renal cell carcinoma (ccRCC) patients. Moreover, the prognostic value of these markers in predicting
metastatic progression was assessed.

Methods: A total of 120 RCC patients who underwent nephrectomy between January 2016 and January 2021 were evaluated. The
inclusion criteria were having a ccRCC subtype. Patients who had metastatic disease and N+ status at the time of diagnosis were not
included. Serum albumin level and PNI were compared between several tumor histopathology parameters and between patients who
exhibited and did not exhibit metastatic progression.

Results: The serum albumin level and PNI exhibited significant differences in patients with pathologically higher tumor grade and
metastatic progression during follow-up compared to patients with lower tumor grade and non-metastatic follow-up. Serum albumin
levels and PNI were correlated with tumor grade and metastasis. In the univariate model, serum albumin and PNI were associated
with metastasis [hazard ratio (HR): 0.29; 95% confidence interval (Cl): 0.09-0.97; p=0.04; and HR: 0.88; 95% Cl: 0.78-0.99; p=0.04].

Conclusion: Lower serum albumin and PNI are associated with higher tumor grades in patients with localized ccRCC. Moreover, they
were prognostic role in metastatic progression during the follow-up of the patients after nephrectomy.
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Introduction of patient-specific factors that largely affect their oncologic

outcome. As a result, identifying patient-specific prognostic

factors is still required to aid clinical decision-making.
Serum albumin level and the prognostic nutritional

index (PNI) calculated by combining it with total

Renal cell carcinoma (RCC) is a heterogeneous group
of cancers (1,2). It is a lethal urological cancer with up to
a 40% mortality rate (2). Deaths from RCC are commonly
associated with the clear cell RCC (ccRCC) subtype of

RCC (1,3). Radical or partial nephrectomy procedures are
common treatment options for curative intent in patients
with ccRCC. However, the eventually developed metastase
rate is about 30% in patients with localized ccRCC (1).
The most commonly used disease predictors for ccRCC
have been tumor grade, stage, and tumor size until today.
Multiple studies have proved their usefulness and clearly
shown their correlation with survival rates (4). However,
parameters such as tumor stage and grade along with
tumor size may be insufficient because of the co-existence

lymphocyte count are individually specific parameters for
patients and have prognostic value for some cancers, and
several studies have clearly confirmed their prognostic role
in patients with RCC (5-7). Although several studies have
reported a potential prognostic impact of serum albumin
and PNI in RCC patients, their role in predicting the tumor
histopathology is still controversial and remains to be
verified. In this study, we investigated the relationship
between serum albumin levels and PNI and tumor
histopathology, specifically in patients with localized
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ccRCC. Moreover, the prognostic value of these markers in
predicting metastatic progression was assessed.

Materials and Methods

Compliance with Ethical Standards

The research was conducted as a retrospective
observational study, which is ethically in accordance with
the World Medical Association Declaration of Helsinki. An
ethics approval was obtained from the Institutional Review
Board of University of Health Sciences Turkey, Istanbul
Bagcilar Training and Research Hospital (2022/22.22). An
informed consent form was obtained from all participants.
No investigation was performed on human subjects, and
no personal or special information was provided in the
text for the included cases.

Study Design

We retrospectively evaluated 120 RCC patients treated
with nephrectomy procedures in our clinic during the
period of January 2016 and January 2021. Patients having
a clear cell subtype of RCC with no history of previous
or concomitant malignancy other than kidney cancer are
included in the study. Patients with metastatic disease and
N+ status, as well as cases with benign pathology and
papillary and chromophobe subtypes, were excluded.

The size, side, polarity, localization, and egzofitic or
endophytic nature of the kidney cancers were assessed
by abdominal computerized tomography and/or magnetic
resonance imaging. Serum albumin levels and lymphocyte
count before the surgery were extracted from our
institutional data. PNI was estimated as 10xserum albumin
(g/dL)*+(0.005xlymphocytes/uL).  Pathological findings
were also extracted from our institutional data, which
were performed by an uro-pathologist based on the 2010
TNM classification, Fuhrman, and WHO/ISUP grading
systems. The last survival follow-up date was June 1, 2021.
In patients with localized ccRCC, MFS was calculated as
the time from surgery to metastasis or the last follow-up.

Statistical Analysis

The SPSS Version 22.0 statistic software package
(IBM SPSS Inc., Chicago, IL) was used to evaluate the
statistical analysis. The tests of normality were evaluated
with the Shapiro-Wilk test. Descriptive statistics methods
(meantstandard deviation, mediant interquartile range,
and percentages) were used to evaluate the data. Serum
albumin level and PNI were compared in patients with and
without lower and higher tumor grade, lower and higher
pT stage, tumor necrosis, lymphovascular infiltration,
variant differentiation, and metastasis. The independent
t-test was used to compare groups. Differences were
considered significant at a two-sided p<0.05 and 95%
Cl. Receiver operating characteristic (ROC) curves were
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generated for the cut-off levels of serum albumin and
PNI' to predict tumor histopathology and metastatic
progression. A univariate Cox regression model for the
role of serum albumin and PNI on metastatic progression
was also performed.

Results

We included a total of 80 localized ccRCC patients
among our 120 RCC patients who met the inclusion and
exclusion criteria. The mean age and the mean tumor
volume were 56.76+11.33 years and 54.35+28.89 mm,
respectively. The mean operative time was 180.187+66.43
min. The median ASA score was 2+2. The median hospital
stay was 4+3 days. The median pT stage and Fuhrman/
WHO-ISUP grade were 1+2 and 2+2, respectively. The
median postoperative follow-up period was 48.00+22.00
months with 4 to 50-month interval.

Out of 80 patients, 35 (43.75%) were female and
55 (56.25%) were male. A total of 47 (58.3%) patients
had comorbidities, and 17 (21.3%) of them had multiple
comorbid disorders. Table 1 provides associated details.
Seven patients exhibited metastatic progression during the
follow-up. Two of them were in regional lymph nodes and
five were in the lungs. Mean MFS time was determined as
13.57+3.74 months [95% confidence interval (Cl): 6.22-
20.96].

On pathological examination, the serum albumin level
and PNI did not differ significantly between patients with
and without tumor necrosis, lymphovascular infiltration,
or variant differentiation. They were similar in patients
with lower and higher pT stage tumors, as well. However,
both parameters exhibited significant differences in
patients with a higher pathological tumor grade and
metastatic progression during follow-up compared to
patients with a lower tumor grade and non-metastatic
follow-up (Tables 2 and 3). The ROC analysis revealed that
the optimal predictive cut-off values for serum albumin
were 4.10 g/dL with 70% sensitivity and 52% specificity,
and 73% sensitivity and 63.5% specificity in predicting
the higher tumor grade and metastasis, respectively. The
cut-off values of PNI were 42.65 with 81% sensitivity and
58% specificity, and 85% sensitivity and 64% specificity in
predicting higher tumor grade and metastasis, respectively.
Figures 1 and 2 show the ROC curves and AUC levels.

Lower serum albumin levels and PNI were also linked
to higher tumor grade and metastasis. Spearman’s
correlation analysis revealed a significant negative
correlation between serum albumin levels and tumor
grade and between serum PNI and tumor grade (Table 4).
In the univariate Cox regression model, serum albumin and
PNI were associated with metastasis [hazard ratio (HR):
0.29; 95% Cl: 0.09-0.97; p=0.04; and HR: 0.88; 95% CI:
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0.78-0.99; p=0.04]. However, multivariate analysis could
not be performed due to the small number of metastatic
patients.

Discussion

Today, it is well known that nutritional and
inflammatory statuses play a role during carcinogenesis,
and they are accepted as some of the most important
predictive parameters in oncologic patients (8,9). Previous
associated studies have revealed the prognostic role of
several nutritional and inflammatory parameters in several
cancer subtypes, and multiple immuno-nutritional scores
have been developed, such as the PNI, Glasgow Prognostic
Score, Modified Glasgow Prognostic Score, Granulocyte/
Lymphocyte Ratio, Neutrophile/Lymphocyte Ratio, and
Platelet/Lymphocyte ratio (7-13). These have been mainly
related to the prognosis of various neoplasms, but their

relationship with the tumor histopathology and metastatic
progression during follow-up has not been studied that
much (7,13). Serum albumin, which is a marker of
nutritional status, may be affected by the inflammatory
response in the body. Several studies have indicated that
serum albumin can be used as a reliable indicator of
inflammation. Because cancer is often accompanied by
malnutrition and chronic inflammation, many studies have
investigated the role of serum albumin levels in cancer
patients and indicated that pretreatment serum albumin
levels are associated with tumor prognosis (6,14-16). The
initiation and progression of cancer are often accompanied
by malnutrition and chronic inflammation. Malnutrition
in cancer patients is usually caused by loss of appetite
and malignant tumor depletion, which is reflected in
hypoalbuminemia. The systematic inflammatory response
in cancer patients also alters the concentration of serum

Table 1. Frequencies of the comorbid diseases, anatomical tumor characteristics with solid-cyctic discrimination, and pathological
tumor characteristics

n %
Comorbidity
DM 26 325
HT 35 43.8
CAD 26 325
CRF 8 10
HF 1 1.3
Tumor laterality
Left 37 46.2
Right 43 53.8
Polar tumor localization
Superior 25 31.2
Middle 34 42.5
Lower 17 21.2
The whole kidney 3 3.8
Anterior-posterior tumor localization
Anterior 30 37.5
Posterior 30 37.5
Medial 20 25
Egzofitic mass 64 80
Tumor nature
Solid 53 66.3
Cystic 9 11.3
Mist 18 22.4
Tumor necrosis 21 26.3
Lymphovascular invasion 21 26.3
Variant differentiation 10 12.5
pT stage
T1 48 60
T2 13 16.2
T3 17 21.3
T4 2 2.5
Tumor grade
1 5 6.3
2 38 38
3 27 27
4 10 10
DM: Diabetes mellitus, HT: Hypertension, CAD: Coronary artery diseases, CRF: Chronic renal failure, and HF: Heart failure
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albumin (17). In this regard, some of these papers
have revealed the relationship between pretreatment
serum albumin and the prognosis of patients with RCC.
Combining the lymphocyte count with the serum albumin
level, PNI is considered to reflect both cancer-related
malnutrition status and cancer-related immune status of
the patient. Additionally, PNI was further associated with
the long-term prognosis of malignancies, including RCC
(17). However, most of the research protocols exhibit
some differences, and the direct relationship between
serum albumin levels and tumor histopathology was not
studied sufficiently (6). In this study, our primary aim was
to determine the direct association of serum albumin with
tumor histopathology and tumor metastasis.

Our findings revealed that serum albumin levels and
PNI were different in patients with higher-grade tumors
than those with lower-grade RCC. Similarly, they exhibited

significantly lower levels in patients with metastasis during
follow-up after nephrectomy. Based on the cut-off value,
patients with lower serum albumin and PNI indeed showed
a worse prognosis in our cohort in terms of metastasis.
Serum albumin and PNI correlated with the higher tumor
grade, as well. In a recent meta-analysis that included 11
studies and 7,629 patients, lower PNI was associated with
worse survival parameters in RCC patients.It was correlated
with a higher Fuhrman grade and T stage, as well (18). In
this regard, our findings are consistent with the literature.
We only investigated the localized ccRCC patients,
whereas the above-mentioned studies investigated all
subtypes of RCC, and most of them (8/11) included
metastatic patients. Therefore, they could not evaluate
the role of PNI on metastatic progression. In addition, we
performed a ROC analysis to assess their predictive role
for higher tumor grade and metastatic progression.Both

Table 2. Serum albumin levels according to tumor histopathology and metastasis

pT1 (n=48) pT2-T4 (n=32) p
4.18+0.53 4.02+0.34 0.13*
Grade 1-2 (n=43) Grade 3-4 (n=37) p
4.27+0.50 3.94+0.62 0.03*
Tumor necrosis - (n=59) Tumor necrosis + (n=21) p
Seruim alumin 4.12+0.50 4.09+0.36 0.76*
(Mean+5D) LVI- (n=59) LVI+ (n=21) p
4.13+0.50 4.07+0.37 0.64*
VD- (n=70) VD+ (n=10) p
4.13+0.47 3.97+0.46 0.30*
Metastasis- (n=73) Metastasis+ (n=7) p
4.15+0.43 3.73+0.63 0.02*

*Independent t-test

SD: Standard deviation, LVI: Lymphovascular infiltration, VDI: Variant differentiation,

Table 3. Serum prognostic nutritional index according to tumor histopathology and metastasis

pT1(n=48) pT2-T4 (n=32) P
41.93+5.32 40.31+3.42 0.13*
Grade 1-2 (n=43) Grade 3-4 (n=37) p
42.31+4.17 40.09+5.03 0.03*
Tumor necrosis - (n=59) Tumor necrosis + (n=21) p
Serum PNI 41.38+5.04 41.0143.63 0.75*
(Mean+SD) LVI- (n=59) LVI+ (n=21) p
41.43+5.01 40.86+3.76 0.63*
VD- (n=70) VD+ (n=10) p
41.49+4.70 39.86+4.68 0.30*
Metastasis- (n=73) Metastasis+ (n=7) p
41.61+4.38 37.39£6.39 0.02*

*Independent t-test

PNI: Prognostic nutritional index, SD: Standard deviation, LVI: Lymphovascular infiltration, VDI: Variant differentiation
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Figure 1. The ROC curves and AUC levels of serum albumin and
PNI in determining the higher tumor grade

ROC: Receiver operating characteristic, PNI: Prognostic nutritional index,
AUC: Area under the curve, SE: Standard error, Cl: Confidence interval
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Figure 2. The ROC curves and AUC levels of serum albumin and
PNI in determining tumor metastasis

ROC: Receiver operating characteristic, PNI: Prognostic nutritional index,
AUC: Area under the curve, SE: Standard error, Cl: Confidence interval

Table 4. Correlations of serum albumin levels and PNI with tumor grade

Spearman’s correlation coefficient p-value
Serum albumin with tumor grade -0.263 0.01
Serum PNI with tumor grade -0.248 0.02

PNI: Prognostic nutritional index

parameters successfully predicted a higher tumor grade
and metastatic progression. According to the established
cut-off levels, the univariate Cox regression model showed
that the prognostic effects of serum albumin and PNI on
metastatic progression were significant. Our findings
provided new evidence on the potential independent
correlation between serum albumin and PNI with tumor
grade and metastatic progression.

Recent evidence suggests that the nutritional and
immunological statuses of patients with RCC can predict
long-term outcomes, cancer progression, and patient
survival after treatment (7,19-21). However, a few studies
have primarily investigated the correlation between them
and tumor histopathology. Moreover, the prognostic
value of serum albumin and PNI remains controversial
in localized ccRCC, primarily due to variations in study
design and cohort size, as well as other factors, among
studies. For instance, most previous studies included
localized and metastatic RCC patients and did not
investigate specifically ccRCC in their study (7). In this
regard, this study provided more clear results about the
role of serum albumin and PNI in predicting the tumor
histopathology and metastatic progression of localized
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ccRCC. To our knowledge, this is the first study that
specifically investigated those parameters in localized
ccRCC.

Study Limitations

Our study had some limitations. The major one is
the small sample size. However, this study specifically
investigated localized ccRCC. The main handicap of
the small sample size was that we could not perform
multivariate analysis. This is the second major limitation of
this study. The retrospective nature of the study protocol
is another limiting factor. However, long-term follow-up
results were obtained prospectively. Beyond limitations,
the major strength of the paper is that we only investigated
localized ccRCC patients and avoided the potential effects
of tumoral heterogeneity on our results.

Conclusion

This study showed that lower serum albumin and PNI
are associated with a higher tumor grade in localized
ccRCC patients. Moreover, they played a prognostic role
in metastatic progression during the follow-up of the
patients after nephrectomy.



Colakerol et al. Albumin and Prognostic Nutritional Index in Renal Cell Carcinoma

Ethics

Ethics Committee Approval: An ethics approval was
obtained from the Institutional Review Board of University
of Health Sciences Turkey, Istanbul Bagcilar Training and
Research Hospital (2022/22.22).

Informed Consent: An informed consent form was
obtained from all participants.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Concept: A.C.,, M.Z.T, EK., AS.,, AX.M., Design: A.C,,
M.Z.T, Data Collection or Processing: A.C., Y.CF, S.S,
R.Q.Y,, Analysis or Interpretation: M.Z.T, Literature Search:
A.C,Y.CEFE,SS, ROY., MZT, Writing: A.C., M.ZT.

Conflict of Interest: No conflict of interest was
declared by the authors.

Financial Disclosure: The authors declared that this
study received no financial support.

References

1. Hsieh JJ, Purdue MP Signoretti S, et al. Renal cell carcinoma.
Nat Rev Dis Primers 2017;3:17009.

2. Muglia VE Prando A. Renal cell carcinoma: histological
classification and correlation with imaging findings. Radiol
Bras 2015;48:166-74.

3. Li X, Turanli B, Juszczak K, et al. Classification of clear cell
renal cell carcinoma based on PKM alternative splicing.
Heliyon. 2020;6:e03440.

4. Andreiana BC, Stepan AE, Margaritescu C, et al.
Histopathological Prognostic Factors in Clear Cell Renal Cell
Carcinoma. Curr Health Sci J 2018;44:201-5.

5. Gupta D, Lis CG. Pretreatment serum albumin as a predictor
of cancer survival: a systematic review of the epidemiological
literature. Nutr J 2010;9:69.

6. ChenZ, Shao Y, Wang K, et al. Prognostic role of pretreatment
serum albumin in renal cell carcinoma: a systematic review
and meta-analysis. Onco Targets Ther 2016;9:6701-10.

7. Kim SI, Kim SJ, Kim SJ, Cho DS. Prognostic nutritional index
and prognosis in renal cell carcinoma: A systematic review
and meta-analysis. Urol Oncol 2021;39:623-30.

8. Yarnoz-Esquiroz B Chopitea A, Olazaran L, et al. Impact
on the Nutritional Status and Inflammation of Patients
with Cancer Hospitalized after the SARS-CoV-2 Lockdown.
Nutrients 2022;14:2754.

9. McGovern J, Dolan RD, Skipworth RJ, Laird BJ, McMillan DC.
Cancer cachexia: a nutritional or a systemic inflammatory
syndrome? Br J Cancer 2022;127:379-82.

140

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Aoyama T, Hara K, Kazama K, Maezawa Y. Clinical Impact
of Nutrition and Inflammation Assessment Tools in Gastric
Cancer Treatment. Anticancer Res 2022;42:5167-80.

lzuegbuna OO, Olawumi HO, Olatoke SA, Durotoye |. An

Evaluation of Inflammatory and Nutritional Status of Breast
Cancer Outpatients in a Tertiary Hospital in Nigeria. Nutr
Cancer 2022;74:90-9.

Jiang Y, Xu D, Song H, et al. Inflammation and nutrition-
based biomarkers in the prognosis of oesophageal
cancer: a systematic review and meta-analysis. BMJ Open
2021;11:e048324.

Bailén-Cuadrado M, Pérez-Saborido B, Sanchez-Gonzalez
J, et al. Prognostic Nutritional Index predicts morbidity
after curative surgery for colorectal cancer. Cir Esp Engl Ed)
2019;97:71-80.

Zhou X, Fu G, Zu X, et al. Albumin levels predict prognosis in
advanced renal cell carcinoma treated with tyrosine kinase
inhibitors: a systematic review and meta-analysis. Urol Oncol.
2022;40:12.

Cai W, Zhang J, Chen Y, et al. Association of post-treatment
hypoalbuminemia and survival in Chinese patients with
metastatic renal cell carcinoma. Chin J Cancer. 2017;36:47.

Tang Y, Liu Z, Liang J, et al. Early post-operative serum albumin
level predicts survival after curative nephrectomy for kidney
cancer: a retrospective study. BMC Urol 2018;18:111.

Tang Y, Liang J, Liu Z, et al. Clinical significance of prognostic
nutritional index in renal cell carcinomas. Medicine (Baltimore)
2021;100(10):€25127.

Peng Q, Liu L, Li T, Lei C, Wan H. Prognostic impact of
prognostic nutritional index on renal cell carcinoma: A meta-
analysis of 7,629 patients. PLoS One. 2022;17:€0265119.

Lucca I, de Martino M, Hofbauer SL, Zamani N, Shariat SF
Klatte T. Comparison of the prognostic value of pretreatment
measurements of systemic inflammatory response in
patients undergoing curative resection of clear cell renal cell
carcinoma. World J Urol 2015;33:2045-52.

Jeon HG, Choi DK, Sung HH, et al. Preoperative Prognostic
Nutritional Index is a Significant Predictor of Survival in Renal
Cell Carcinoma Patients Undergoing Nephrectomy. Ann Surg
Oncol 2016;23:321-7.

Peng D, He ZS, Li XS, et al. Prognostic Value of Inflammatory
and Nutritional Scores in Renal Cell Carcinoma After
Nephrectomy. Clin Genitourin Cancer 2017;15:582-90.



