
Review began 04/11/2023 
Review ended 06/21/2023 
Published 06/22/2023

© Copyright 2023
Singh et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

Skeletal-Related Events in Renal Cell Carcinoma:
Prediction With Alkaline Phosphatase (ALP), C-
reactive Protein (CRP), Haemoglobin (Hb) and
Erythrocyte Sedimentation Rate (ESR) (A.C.H.E.)
Score for Risk Stratification
Yashasvi Singh  , Sasanka Kumar Barua  , Sameer Trivedi  , Rajeev TP  , Manash Pratim Kashyap  , Lalit
Kumar Agrawal  , Ujjwal Kumar Pathak  , Neha Garg 

1. Department of Urology, Institute of Medical Sciences, Banaras Hindu University, Varanasi, IND 2. Department of
Urology, Gauhati Medical College and Hospital, Guwahati, IND 3. Department of Statistics, Assam Down Town
University, Guwahati, IND 4. Department of Medicinal Chemistry, Institute of Medical Sciences, Banaras Hindu
University, Varanasi, IND

Corresponding author: Neha Garg, nehagarg@bhu.ac.in

Abstract
Introduction 
Skeletal metastasis is catastrophic in patients with renal cell carcinoma (RCC), leading to skeletal-related
events (SRE) such as nerve entrapment, hypercalcemia and even pathological fractures, which may require
surgical intervention. The nature of the bone metastasis in advanced RCC is large, destructive, hyper-
vascular and mostly lytic. The present retrospective analysis aims to identify potential risk factors for
predicting SREs in advanced RCC with bone metastasis.

Methods
The clinical data of 42 patients with RCC and bone metastasis and at least one episode of SRE were
reviewed, and the correlations between erythrocyte sedimentation rate (ESR), alkaline phosphatase (ALP),
C-reactive protein (CRP), haemoglobin (Hb), carcinoembryonic antigen (CEA) and bone metastases were
analysed. Risk factors were identified by multivariate logistic regression analysis. Bone metastasis was
diagnosed on a bone scan. The receiver operating characteristic (ROC) curve calculated the cut-off value of
the independent correlation factors.

Results
The areas under the ROC curve for ALP, Hb, CRP, and ESR were 0.84, 0.76, 0.86 and 0.88, respectively,
suggesting excellent discriminatory capability of ALP, CRP, ESR and sufficient discriminative ability of Hb in
predicting bone metastasis. Multivariate logistic regression analysis showed ALP, CRP, Hb and ESR
associated with SRE and skeletal metastasis.

Conclusion
We propose that an A.C.H.E. score encompassing ALP, CRP, Hb, and ESR are potential risk factors for
developing SRE and concomitant bone metastasis in advanced RCC patients. For new RCC patients, if values
of ALP >128 U/L, CRP ≥74 mg/L, Hb <11.5 g/L, and ESR ≥55 mm/hr are detected, intensive monitoring and
bone scanning are warranted as these cases are at a higher risk of skeletal events.

Categories: Urology, General Surgery, Oncology
Keywords: hb, esr, crp, alp, rcc, bone metastasis, skeletal-related events

Introduction
Renal cell carcinoma (RCC) is often diagnosed behindhand due to non-specific symptomatology. One in five
newly diagnosed cases has distant metastases. Nearly 70% of RCC patients are eventually associated with
bone metastasis. RCC is the sixth most commonly found cancer in males and the 10th most frequently
diagnosed cancer in women and accounts for 2-3% of all cancers overall. Of all the cases of RCC diagnosed,
one-third of them present with metastasis, of which one-third present with bone metastasis. The most
frequent locations for bone metastasis in RCC are the vertebral column, sacrum, pelvis, and proximal femur.
In the spinal region, the lumbar segment is most frequently involved, after the thoracic and cervical
segments [1].

Skeletal-related events (SREs) are defined as pathological fractures, surgical intervention, the requirement
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for palliative radiotherapy to the bone, spinal cord compression or hypercalcemia [2]. In RCC, bone is the
second most affected site by metastasis, only after lung metastasis. RCC is very aggressive and destructive,
resulting in more skeletal-related events than bone metastasis compared to other urothelial cancers [3].
Bone metastasis in RCC is often osteolytic and causes skeletal-related events like pain, pathological
fractures, spinal cord compression and hypercalcemia. It is well acknowledged that some treatments, such as
radiation therapy, can cause sclerotic alterations in osteolytic bone lesions. Five-year and 10-year survival
rates in metastatic RCC are less than 10% and 5%, respectively, whereas the five-year survival rate in solitary
bone metastasis from RCC is reportedly between 35% and 60% [4,5]. Hence early diagnosis and timely
intervention in patients with bone metastasis offer a survival advantage.

Currently, the diagnosis of bone metastasis is based on bone scan, contrast-enhanced computed tomography
(CECT) and MRI, which is costly, and early bone metastatic lesions might not be easily detected through
these techniques. Hence several biochemical parameters, pro-inflammatory tumour markers and clinical-
pathological factors have been studied to prognosticate SRE’s bone metastasis. Though some correlation has
been ascertained with factors like alkaline phosphatase (ALP) [6], serum calcium [7], haemoglobin (Hb) [8]
and bone metastasis, no definite scoring system with well-defined cut-off values for various parameters has
been proposed. Hence this study aims to identify the potential risk factors for predicting SREs in advanced
RCC with bone metastasis in newly diagnosed patients and those who have already received treatment and
to establish the correlation between diverse clinical factors and aggressiveness of bone metastasis secondary
from metastatic RCC.

Materials And Methods
The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional
Review Boards (or Ethics Committee) of Gauhati Medical College Hospital, Guwahati, Assam, India
(MC/232/2016/34). Informed consent was obtained from all subjects involved in the study.

We performed a retrospective analysis on 42 metastatic RCC patients who received treatment at the
Department of Urology between January 2010 and December 2016. We selected the patients in this study
based on 1) Patients who were diagnosed histologically for RCC with methylene diphosphonate technetium-
99 (MDP TC 99) bone scan demonstrating at least one site of metastasis to bone and at least one episode of
SRE within five years of follow-up; 2) Availability of data on complete blood biochemical measurements
including information on C-reactive protein (CRP), cancer antigen (CA) 15-3, lactate dehydrogenase (LDH),
erythrocyte sedimentation rate (ESR), alpha-fetoprotein (AFP), ALP, carcinoembryonic antigen (CEA),
CA125, and CA19-9 done within one week before planning definitive management. Patients without
adequate blood reports before surgical resection, patients with inadequate follow-up, and patients with
active inflammatory disease were not included in the study. Skeletal-related events due to bone metabolic
disorders, hyperparathyroidism, and hepatic dysfunction were excluded from the study. Using a common
data extraction method, the baseline clinical, pathologic, and biochemical information were gathered,
including age at the time of surgery, gender, tumour size, tumour stage (T stage), tumour necrosis (TN), and
Fuhrman's grade (FG). Tumour grade was evaluated using the Fuhrman grading system, and the T stage was
established using the 2010 TNM classification of malignant tumour staging system. All patients were risk-
stratified according to the Memorial Sloan Kettering Cancer Center (MSKCC) grading system.

The correlation between clinic-pathological variables and tumour markers mentioned above was studied in
patients of RCC with bone metastasis and was statistically analyzed by a multivariate logistic regression
model. The Chi-square test assessed qualitative variables. The correlation between variables was evaluated
using Pearson's correlation coefficient. The sensitivity and specificity were computed based on optimal cut-
off scores from the area under the curve (AUC), calculated from receiver operating characteristic (ROC)
curves. To find independent risk factors for predicting SREs in RCC patients with bone metastases, a
multivariate logistic regression analysis was performed using variables having a p-value of less than 0.05 in
the univariate analysis. Data having a p-value less than 0.05 were considered statistically significant. All
analysis was performed by IBM SPSS Version 21.0 (IBM Corp., Armonk, NY, USA).

Results
Forty-two cases of metastatic RCC were included in the retrospective study with a special emphasis on
metastatic skeletal sites. Thirteen patients (30.95%) had upfront bone metastasis in our analysis of the total
study population. The mean follow-up in the study was 42±9.5 months. The entire study population was
distributed in two groups with two or fewer bony metastases and more than two bony lesions. The
male/female ratio in the study was 5 to 1, with 35 males and seven females, with the mean age for men being
57.12±4.15 years and the mean age for women being 54.17±2.5 years (p=.008) (Table 1). Right- and left-side
renal system was involved in 54.76% (n=23) and 45.24% (n=19) cases respectively (Table 1). Metastasis to
lung and lymph node were seen in 52.3% (n=22) and 50% (n=21) respectively alongside bone metastasis.
Histopathology report showed clear cell carcinoma in 30 (71.3%) patients and sarcomatoid differentiation in
22 patients (52.3%). Spine (n=22, 52.3%) was the most common site of skeletal metastasis followed by ribs
(n=6, 14.2%), femur (n=6, 14.2%), pelvis (n=4, 9.5%) and sternum (n=4, 9.5%). Skeletal metastasis with two
or fewer lesions was seen in 20 (47.6%) patients while multiple skeletal metastases (more than two lesions)
were seen in 22 (52.3%) patients. MSKCC's poor risk category had 30 patients, while the intermediate risk
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category had 12 patients. The mixed pattern of bone metastasis patients was present in the study with lytic
bone metastasis being discovered in the CECT scan and blastic ones being detected in the Tc 99 mdp bone
scan. 

Parameter Number of Bone Metastases  X2 p-value

 ≤ 2 BM  beta coefficient value, (n) >2 BM beta coefficient value, (n)   

Age   (years)     

<60 13218 (8) 250 (8)
1.313 0.21

>60 10216 (14) 177 (12)

Sex        

Female 8771 (4) 121 (3)
6.712 0.008

Male 17121 (18) 291 (17)

Grade     

I -II 15919 (2) 115 (7)
181.19 <0.001

III-IV 8057 (10) 338 (23)

T Stage     

T1-T2 21515 (4) 175 (6)
236 <0.002

T3-T4 6016 (13) 255 (19)

Laterality     

Left 13123 (10) 255 (9)
2.424 0.187

Right 14220 (12) 239 (11)

Histology     

Clear cell (CC) 21222 (16) 519 (14)

111.214 <0.003
Chromophobe (CP) 1311 (2) 7 (2)

Papillary (PL) 42 (2) 6 (3)

Collecting Duct (CD) 37 (2) 21 (1)

Tumour Size     

T1a 11918 (2) 41 (3)

325 <0.001T1b 9212 (3) 188 (2)

>T2 4912 (17) 311 (15)

TABLE 1: Demographic and clinical profile of advanced RCC patients with bone metastasis with
simultaneous SRE
Beta (b) coefficient values and absolute numbers (n) for identifying significant demographic and clinical factors implicated in patients with bone
metastasis and simultaneous SRE using binary logistics regression analysis test.

BM: bone metastases, RCC: renal cell carcinoma, SRE: skeletal-related events

The male population was more dispensable towards early bone metastasis as compared with the female
population when the period was calculated from the first radiological confirmation [43 months (male) versus
35 months (female), p=0.373]. The comparable histological features between the two groups are mentioned
in Table 1. High Fuhrman grade (III & IV, n=33) and a higher T stage (>T2, n=32) were significantly
associated and correlated with the increased number of bony lesions in the study population (p<.001).
Skeletal girdle pain was a normal finding in both the study groups (p=.03), which responded partially to oral
opioid analgesics. The character of the pain was somatic (achy, sharp, well-localized) in 10 patients. At the
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same time, it was neuropathic (i.e., burning, shooting, radiating) in 12 cases, while in the remaining 20
patients, it was a mixed picture between the two extremes (p=0.142).

The Chi-square test for dichotomous data and the student’s t-test for continuous data were used to identify
the potential risk factors for bone metastases. The data were analysed through the ROC curve to determine
the accuracy, sensitivities and specificities of predicting bone metastases by these risk factors. The cut-off
values of ALP, CRP, Hb and ESR for the prediction of bone metastasis were >236 U/ml (AUC .849, p=.01), >84
µg/ml (AUC .856, p=.021), <10.5 g/l (AUC .765, p=.045) and 74 mm/hour (AUC .880, p=.032), respectively
(Figure 1). 

FIGURE 1: ROC curve for ALP (A), CRP (B), ESR (C) and Hb (D) to
measure the cut-off level for the determination of bone metastasis in
advanced RCC patients with simultaneous SRE
ROC: receiver operating characteristic, ALP: alkaline phosphatase, CRP: C-reactive protein, ESR: erythrocyte
sedimentation rate, Hb: haemoglobin, RCC: renal cell carcinoma, SRE: skeletal-related events

The results showed that there was a significant difference between the groups varying on bone metastatic
sites of less than or equal to two and more than two (Table 2). ALP, CRP, and ESR serum concentrations were
significantly higher in patients who had experienced SREs with bone metastases than those without bone
metastases (P). Nonetheless, the serum level of Hb in more than two bone metastatic sites was statistically
lower than those of non-bone metastases (Table 2). The mean ± SD for various biochemical risk factors
differentiating between the two risk groups is given in Table 2. The sensitivities and specificities of the
combination of risk factors for predicting SRE were also calculated, and a variety of four elements was the
most accurate in predicting SRE. 
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Parameter
Number of Bone Metastases

t/X2  value  p-value  
≤ 2 BM >2 BM

CEA 3.00 ±3.54 34.18 ±1.13 0.990 0.342

ALP 248±140 327 ± 189.3 6.34 0.01

CRP 98 ± 3.25 114  ±7.25 5.06 0.02

AFP 3.47±6.07 2.86 ± 1.17 0.225 0.823

CA-125 62.10 ± 236.65 31.09 ± 25.40 0.451 0.653

CA-153 16.50±18.24 15 ± 7.97 0.251 0.803

Hb 10.3 ± 1.40 9.8  ±1.25 7.16 0.01

ESR 78 ± 4.25 94  ±6.50 4.56 0.03

TABLE 2: Group characteristics based on the number of bone metastasis sites with serum pro-
inflammatory markers
BM: bone metastases, CEA: carcinoembryonic antigen, ALP: alkaline phosphatase, CRP: C-reactive protein, AFP: alpha-fetoprotein, CA: cancer antigen,
Hb: haemoglobin, ESR: erythrocyte sedimentation rate

Based on the analysis, the concentration of ESR had the highest predictive accuracy for more than two bone
metastases among these factors (AUC=0.88), with a sensitivity of 87.62% and specificity of 88.97%.
Nonetheless, as a single risk factor, Hb had low accuracy in predicting bone metastases (AUC=0.76)
compared with the other three significant factors (ALP, ESR, CRP) with a sensitivity of 55.9% and specificity
of 79.4%. The mean ± SD for ALP for diagnosing more than two bone lesions was 327±189.3 u/ml (p=.01),
while the same for CRP was 114±7.25u/ml (p=.02). The mean ± SD (Hb) for diagnosing more than two bone
lesions was <9.8±1.25 (p=0.01), while the same for ESR was 94±6.50 AEFH (p=.03).Additionally, multivariate
logistic regression analysis indicated that in more than two bony metastatic sites ALP, CRP, ESR and Hb were
the independent risk factors for predicting skeletal-related events in patients with bone metastases with
RCC. On the multivariate logistic regression analysis calculated to determine bone metastasis along with
SREs, the odds ratio (OR) for serum ALP (95% CI) was 2.48 (1.49-4.02), p=.001, while the same for CRP (95%
CI) was 2.28 (1.08-4.81), p=.029. The OR for Hb (95% CI) was .302 (.125-.729), p=.008, while the same for ESR
(95% CI) was 2.32 (1.32-3.55), p=.042 (Table 3). 

Parameters β OR OR (95% CI) X2 p-value

ALP 0.895 2.488 1.491-4.02 1 12.52 < 0.001

CRP 0.828 2.289 1.088-4.817 4.76 0.029

Hb — 1.1 96 0.302 0.125—0.729 7. 10 0.008

ESR 0.7902 2.323 1.322-3.554 6.56 0.042

TABLE 3: Comparison of groups based on multivariate logistic regression analysis to determine
causative agents for prediction of SRE’s in advanced RCC with bone metastasis
ALP: alkaline phosphatase, CRP: C-reactive protein, Hb: haemoglobin, ESR: erythrocyte sedimentation rate, SRE: skeletal-related events, RCC: renal
cell carcinoma, OR: odds ratio, CI: confidence interval

Discussion
There is an increased rate of development of SREs in advanced RCC compared to other genitourinary
cancers, and it requires an increased awareness of these events in tertiary care centres. The data included in
our background research explores the possibility of statistically concluding the rate of development of SREs
in patients with metastatic RCC to the bone. Many biochemical triggers and immunological escape
mechanisms are implicated in developing SREs in patients with metastatic RCC [9]. Multiple pro-
inflammatory markers increase the potential for tumour cells to preferentially metastasise to bone,
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including the changes induced by the tumour cells or their products in the bone microenvironment [10].
Based on the radiologic appearance of predominant bone destruction or deposition of new bone, bone
metastases are commonly grouped as osteolytic or osteoblastic. Many patients have a mixed picture of
osteolytic and osteoblastic metastases and are characterised by dysregulation of the normal bone
remodelling process. Published literature reports suggest that metastatic disease mainly involves areas of
red bone marrow, such as the axial skeleton, skull or the medullary portion of the appendicular skeleton
[11,12]. The process of bone metastasis development begins with colonisation when circulating tumour
cells, along with the help of inflammatory biomarkers such as CRP and ALP, enter the bone marrow
compartment and engage in specialised microenvironments or niches [13]. Further, the tumour cells evade
the immune response and escape from the dormant state to actively proliferate and form micro-metastases
by re-stimulation, which again involves the help of pro-inflammatory biomarkers. At last, cells grow
uncontrollably, turn independent of the tumour niche, and ultimately cause bone modifications as the
metastasis expands. 

Positron emission tomography-computed tomography (PET-CT) and whole-body MRI are time-consuming,
costly for patients, and limited by low specificity and sensitivity. Technetium 99 MDP bone scan is an
accurate method for detecting distant bone metastases in patients with RCC; nonetheless, it is affected by
the flare phenomenon [14]. Inflammatory serum tumour markers examinations have the advantage of being
repeatable and low-cost for patients. Therefore, we retrospectively analysed the biochemical serum pro-
inflammatory biomarkers in patients with bone metastasis and simultaneous SREs in metastatic RCC.

In the present study, 42 patients with advanced RCC who had at least one bone metastatic site and one
episode of SRE were retrospectively analysed. The present study reported that patients with more than two
bone metastasis had a high incidence of FG 3 and FG 4 (n=33, 78.57%) along with high T stage (>T2) (n=32,
76.19%, Table 1). Our study’s clear cell histology variant was 30 patients (71.43%). The share of sarcomatoid
differentiation in our present study was 52.38% (n=22, p=.06). A previous study screened the records of more
than 1800 patients who died from RCC, finding 398 patients (22%) with bone metastasis and showed that the
majority of patients with bone metastasis at the time of RCC diagnosis had high Fuhrman grading and a
higher T stage [15-17]. A recent study by Stellato and colleagues also found that patients with high Fuhrman
grade and high T stage at the time of diagnosis had the highest incidences of bone metastases in RCC.
Additional analysis showed that the clear cell histology variant (n=20) was significantly associated with an
increased incidence of bone metastasis (Chi-square coefficient - 111.21, p=<.003) and was one of the risk
factors for SREs in advanced RCC patients [18]. A previously reported study by Santoni et al. [19] also found
that patients with aggressive clear cell RCC at the time of presentation had the highest incidences of bone
metastases and subsequent SREs requiring intervention in advanced RCC. The authors in the present
analysis propose that a high Fuhrman’s grade, >T2 stage and clear cell histology are reliable factors for
predicting SREs accurately in advanced RCC.

The incidence of bone metastases from RCC at the primary diagnosis in our study was 30.85% (n=13), which
was a little lower than that reported in Chen et al. study at 35%, which was based on significant population
analysis [19]. In addition, we found that most of the patients with advanced RCC were 50-69 years (Table 1)
which was confirmed in a previous analysis by Wang and colleagues [20]. A previous study documented that
the intensity of the pain may vary depending on the presence or absence of neuromas as part of tumour-
induced bone remodelling, endosteal nerve compression by tumour, nerve injury from the extension of the
bone metastasis out of the bone, and location of the metastasis within the bone [21]. In our analysis, sudden
severe pain was caused by documented pathologic fracture in seven cases, while neurologic symptoms were
present in patients with vertebral metastases (n=22). The proposed mechanism reported vertebral
metastasis causing spinal cord compression and symptoms ranging from pain to neurologic deficits,
including motor weakness and paralysis, sensory deficits, bowel and bladder dysfunction, and ataxia [22].
Previous literature also reported that patients with advanced RCC had a significant risk of developing SRE
with increasing age and multiple bone metastasis sites. The metastatic skeletal distribution in our study was
in coherence with previously reported literature [23].

In addition to the histological parameters, we identified that the serum levels of ALP, CRP, Hb and ESR are
directly associated with bone metastasis. These were the risk factors for detecting SREs in patients with
advanced clear cell RCC. A past study has reported that higher histopathological characteristics when
involved with high serum pro-inflammatory biomarkers had more propensity towards early and multiple
bone metastasis and increased SRE (OR, 95% CI), 2.52 (0.80-4.25)[24]. ALP is an intrinsic bone formation
pro-inflammatory marker, which is the most used for detecting increased bone turnover in metastatic breast
and prostate cancer. ALP is well known as a tumour marker for ovarian cancer but rarely evaluated in the
early detection of bone metastases in advanced RCC. In another recent study among cases of gastric
adenocarcinoma with bone metastasis, bone ALP was significantly higher in the patient group (57.32±46.83
vs 34.57±21.57, p=0.037) than in the control group. Bone ALP was positively associated with ALP, osteocalcin
and negatively associated with 25(OH) D. According to ROC-curve analysis, at the threshold value 29.60
μg/L, the sensitivity of bone ALP was 76.7%, and the specificity was 59.4% [25]. In the current study, the
serum concentration of ALP was identified as a marker for bone metastases and a risk factor for SRE in
advanced RCC, with a cut off value >236 U/l, with sensitivity and specificity of 87.9% and 73.5% respectively
(p=.01) in the ROC analysis. The sensitivity and specificity of our ROC analysis matched the study, as
mentioned earlier.
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CRP plays a vital role in the inflammatory process by binding to Fc receptors to induce the release and
elevated activity of pro-inflammatory cytokines such as interleukin (IL)-6 [26]. Pro-inflammatory cells are
tumour promoters, produce a congenial environment for tumorigenesis/angiogenesis, and favour neoplastic
spread and metastasis. CRP causes an increased level of inflammatory cytokines, such as IL-1, IL-6, and
tumor necrosis factor-alpha (TNF-α) and induces an imbalance of the RANK/RANKL/OPG system, known for
regulating the differentiation of osteoclasts and osteoblasts to reduce the total BMD [27]. These results
indicated that CRP could indicate bone turnover and be a possible marker of bone metastasis. In the present
analysis, the concentration of CRP in patients with bone metastases was significantly higher than in those
without bone metastases. Our study indicated that serum CRP was an independent risk factor for bone
metastasis and SRE in patients with advanced RCC at cut-off value >84 U/L (p=.021), and the sensitivity and
specificity was 75.9% and 85.5% respectively at ROC analysis. 

ESR is significantly elevated in malignant tumours, especially in aggressive and rapidly growing tumours,
and represents an independent risk factor for many tumours [27]. Previous analysis has reported that ESR
>20 mm/AEFH can be an independent risk factor for distinguishing invasive and non-invasive prostatic
adenocarcinoma [28]. In the study mentioned above, the level of ESR in the bone metastasis group was
significantly higher than in the non-bone metastasis group with ESR >23.5 mm/h, having the maximum
probability of bone metastasis with a sensitivity of 77.3%, and the specificity was 75.6%. The results of our
study indicated that abnormally high ESR levels significantly increased the risk of bone metastases and SREs
in advanced RCC. The cut-off value was >74 mm/AEFH (p=.032) with sensitivity and specificity of 63.9% and
76.9% respectively.

Past studies have reported that low Hb commonly affects more than 50% of malignancy patients. A past
study found a component in bone related explicitly to the metastasis of adenocarcinoma prostate to the bone
and found as haemoglobin [29]. Another previous study reported that Hb concentration was of prognostic
importance for patients with early breast cancer [30]. In our study, the Hb level was significantly lower in
advanced RCC with bone metastasis compared to those without bone metastases, and it was identified as
one of the risk factors for SREs. The rationale behind bone metastases and low Hb would be bone marrow
dysfunction, which decreases hematopoietic function. In previous studies, the predictive accuracy for bone
metastases by haemoglobin was low (AUC=0.316), but in our analysis, the cut off value was <10.5 g/L with
sensitivity and specificity being 55.9% and 79.4% respectively.

Besides evaluating the single pro-inflammatory serological risk factor for predicting SRE in advanced RCC,
we also assessed the predictive accuracy of combining risk factors in this study. Based on the current
analysis, combined ALP, CRP, and Hb with ESR were the most accurate for predicting bone metastases and
SREs. To investigate the predictive accuracy of combining risk factors for SREs in patients with advanced
RCC with bone metastasis, ROC analysis was conducted for a different combination of risk factors (Figure
2A-2C). For combined ALP, CRP, Hb and ESR, the prediction of SREs was more accurate than other
combinations (AUC=0.900). Among the three combinations of risk factors, combined ALP, CRP, and ESR
were second in line for predicting the same bone (AUC=0.892). Additionally, haemoglobin and ESR had the
most negligible predictive value among the three combinations of risk factors (AUC=0.882) (Table 4). When
the study population was distributed in MSKCC risk protocol, none of the cases was in the favourable risk
group. In contrast, 12 cases landed in the intermediate risk group, while 30 were allotted to the poor risk
category. The combination of risk factors such as ALP, CRP and ESR were significantly associated (p=.003)
but not correlated (Pearson R=.0588, p=.09) with more than two bone metastatic sites and development of
SRE in the intermediate risk group but was significantly associated (p=.001) and correlated with the high-
risk group (Pearson R=.425, p=.002) as well. 
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FIGURE 2: Depicting ROC curve analysis for the combination of risk
factors: (A) for a combination of Hb and ESR; (B) for a combination of
ALP, CRP, and ESR; and (C) for a combination of ALP, CRP, Hb and ESR.
ROC: receiver operating characteristic, Hb: haemoglobin, ESR: erythrocyte sedimentation rate, ALP: alkaline
phosphatase, CRP: C-reactive protein

Parameters Combined AUC Sensitivity Specificity p-value

Hb + ESR 0.882 81.7 82.4 < 0.001

ALP + CRP + ESR 0.892 76 88.9 0.029

ALP+CRP+Hb+ESR 0.900 78.7 87.8 0.008

TABLE 4: AUC (area under the curve) analysis for combination of serum pro-inflammatory
markers for prediction of SREs in advanced RCC with bone metastasis.
Hb: haemoglobin, ESR: erythrocyte sedimentation rate, ALP: alkaline phosphatase, CRP: C-reactive protein, SRE: skeletal-related events, RCC: renal cell
carcinoma

The combination of risk factors such as ALP, CRP, Hb and ESR were significantly associated (p=.001) and
correlated (Pearson R=0.345, p=0.008) with more than two bone metastatic sites and development of SRE in
the intermediate risk group and was significantly associated (p=0.002) and correlated with the high-risk
group (Pearson R=0.488, p=0.001) as well. 

Conclusions
In addition to scoring the single risk factor for predicting SREs in advanced RCC with bone metastases, we
also evaluated the predictive accuracy of combining the risk factors in this study. Based on our analysis,
combined serum ALP, CRP, Hb and ESR were the most accurate for predicting the same. The authors
conclude that the most frequent site of bone metastasis in advanced RCC patients is the spine. All new and
existing cases with ALP >236 U/L, CRP >84 µg/mL, Hb <10.5 g/L, and ESR >74 mm/AEFH require intensive
monitoring for the possible occurrence of bone metastasis and concomitant SREs. The combination
(A.C.H.E.) has the highest sensitivity and specificity for predicting bone metastasis and SREs. Understanding
these mechanisms has revealed new potentially beneficial diagnostic approaches to predict bone metastases
in various malignancies, especially RCC.

A few constraints were also present in the study. First and foremost, this study was based on a single-
institutional database, although inclusion criteria were formulated to decrease the selection bias. Secondly,
it was a retrospective analysis, and some data attrition was unavoidable, which may have affected the
analysis results. Some data, such as patients’ progression-free survival rate and overall survival rate, were
not included in this study; therefore, a prospective, multicentre cohort study is helpful to validate the
results of our research.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board of Gauhati Medical College Hospital issued approval MC/232/2016/34. The study was conducted in
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accordance with the Declaration of Helsinki, and approved by the Institutional Review Boards (or Ethics
Committee) of Gauhati Medical College Hospital, Guwahati, Assam, India. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: Yashasvi Singh and Neha Garg acknowledge the Institution of Eminence cell (IoE cell), Banaras Hindu
University, Varanasi, Uttar Pradesh, India, for their respective seed grant. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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