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Abstract. Aim: To better evaluate the association between
preoperative anemia and outcomes in patients following
radical or partial nephrectomy for renal cell carcinoma
(RCC). Materials and Methods: A meta-analysis of hazard
ratios (HR) was conducted to measure the association between
preoperative anemia and all-cause mortality (ACM), cancer-
specific mortality (CSM), and disease recurrence (DR) in
patients who underwent surgery for RCC. Results: A total of
14 studies (8,673 patients) met the eligibility criteria. All
studies reported survival outcomes using the multivariable
Cox proportional hazards model. Pooled results showed that
preoperative anemia was associated with increased ACM
[HR=2.13, 95% Confidence Interval (CI)=148-3.06], CSM
(HR=191, 95% Cl=1.26-2.90), and DR (HR=1.67, 95%
CI=1.16-2.40). Conclusion: This meta-analysis indicates that
preoperative anemia appears to be associated with earlier
recurrence and shorter survival of patients undergoing radical
or partial nephrectomy for RCC. Our findings, however, still
need to be validated by well-designed prospective studies with
larger sample sizes and well-controlled confounding factors.

Due to the increased use of cross-sectional and diagnostic
imaging modalities, there has been an increased incidence in
the detection of localized renal cell carcinoma (RCC) (1). For
localized RCC, surgery remains the standard of care and is
associated with the best oncological outcomes. Accordingly,
there have been increasingly more surgical interventions for
localized RCC, most notably radical and partial nephrectomy.
Despite the improvement in surgical techniques, approximately
20-40% of patients with localized RCC will still eventually
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develop metastatic disease after surgery (1, 2). Although
several prognostic models have been developed for patients
undergoing surgery for RCC, there remains a need to identify
other potential prognostic markers, particularly preoperative
ones, to stratify patients with RCC (3).

There has been growing interest in the prognostic role of
complete blood count-based biomarkers in patients with RCC.
The neutrophil-lymphocyte ratio, lymphocyte-monocyte ratio,
neutrophil cell count, and platelet count have all been reported
as promising biomarkers for predicting oncological outcomes
in patients with RCC (3-5). However, the prognostic role of
anemia in patients with RCC, in particular patients undergoing
radical or partial nephrectomy, has not been clearly defined.

Anemia is relatively common in patients with malignant
tumors, including RCC (6). The number of studies providing
data on the association between anemia and survival
outcomes is increasing (7-20). Nevertheless, the prognostic
role of anemia in patients undergoing surgery for RCC was
not very consistent in published studies due to the study
design and small sample size. For instance, based on the
multivariate Cox proportional hazards model, three studies
concluded a significant association between anemia and
worse cancer-specific survival (11, 14, 15), while another four
studies did not report such an association (12, 17, 18, 20).
Here, we performed a meta-analysis to pool all the evidence
on this topic and further determine the prognostic role of
anemia status in patients with RCC undergoing surgery.

Materials and Methods

Search strategy. This meta-analysis was conducted following
guidance from the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement (21). A comprehensive
search of the literature was performed on June 2016 in the PubMed
and EMBASE. The following full search strategy was used for both
PubMed and EMBASE: (renal cell carcinoma OR kidney cancer)
AND (nephrectomy) AND (anemia OR hemoglobin OR hematocrit)
AND (mortality OR survival). We applied no restrictions on
publication type, language or year. References from the selected
articles were manually searched and assessed for additional studies.
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Selection criteria. An original research study was considered eligible
if it met the following inclusion criteria: (i) it had a retrospective or
prospective cohort of patients with RCC who underwent radical or
partial nephrectomy with curative intent; (ii) it included at least 100
patients; (iii) it assessed the association between preoperative anemia
status and oncological outcomes with Cox proportional hazards
model; (iv) it reported at least one of the outcomes of interest, which
were determined as all-cause mortality (ACM), cancer-specific
mortality (CSM), and disease recurrence (DR); (v) it provided the
hazard ratios (HRs) and 95% confidence intervals (CIs) or p-value
with the HRs. Studies that reported outcomes in patients with
metastatic RCC or patients undergoing cytoreductive nephrectomy
were excluded. If two or more studies had a duplicate patient cohort,
only the study with the largest sample size or the study with the
longest follow-up time was included.

Data extraction. The following variables were extracted from each
included study: first author, year of publication, country of origin,
recruitment period, study design, anemia cutoff value, number of
patients, age, gender, follow-up time, tumor size, tumor side,
pathologic T stage, pathologic N stage, pathologic type, Fuhrman
grade, type of surgery, and HRs (95% CIs) of the outcomes of
interest. HRs from multivariable Cox regression were extracted if
both univariable and multivariable Cox regression were used,
otherwise, data from univariable Cox regression was extracted.

Risk of bias assessment. Quality in Prognosis Studies (QUIPS) tool
was used to evaluate the quality of included studies in six domains:
study participation, study attrition, prognostic factor measurement,
outcome measurement, study confounding, and statistical analysis
and reporting (22). Each domain was rated as high, moderate, or
low risk of bias in each study based on the prompting items and
considerations in QUIPS tool. Then the overall risk of bias in each
study was rated as high, moderate, or low risk of bias based on the
individual ratings of each domain.

Statistical analysis. HRs and 95% Cls were meta-analyzed to assess
the association of preoperative anemia and ACM, CSM, and DR in
patients undergoing surgery for RCC. Study heterogeneity was
quantified by I? value and only the random-effect model was used.
Publication bias was assessed with funnel plot. All the p-values
were two-sided and a value of p<0.05 was considered statistically
significant. Review Manager 5.3 (The Nordic Cochrane Centre,
Copenhagen, Denmark) was used for all the analyses and plots.

To explore the robustness of the results, we performed sensitivity
analysis and subgroup analysis for ACM, considering it had the
largest number of included studies compared with CSM and DR. We
excluded one study at a time and calculated the pooled HRs from the
remaining studies for the sensitivity analysis. Subgroup analyses were
conducted based on the following factors: study quality (low risk of
bias vs. moderate risk of bias), sample size (=400 vs. <400), and
pathological type (clear cell vs. papillary vs. mixed vs. unclear).

Results

Literature search. We identified 378 references from the
preliminary search. After excluding 60 duplicate
publications, 318 references were left for screening. We
excluded 277 references after reviewing the titles/abstracts
and included 41 studies for full-text review. Finally, 14
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studies fulfilled the inclusion criteria and provided data
relevant for meta-analyses (7-20). The flow diagram of the
study selection is shown in Figure 1.

Characteristics of included studies. The main characteristics
of the included studies are summarized in Table I. Included
studies were published between 2007 and 2016 and all of
them were retrospective in study design. The hemoglobin
cutoff value for anemia varied among studies (11.3-13.5 g/dl
for both male and female). HRs and 95% ClIs or p-values were
obtained from original studies directly and all of the studies
used the multivariate Cox proportional hazards model. The co-
factors accounted for in the included studies are shown in
Supplementary Table 1 (https://www.researchgate.net/
publication/316124361_Supplementary_Materials). Seven
studies (7,9, 11, 12, 14, 15, 18) had a low risk of bias and
another seven (8, 10, 13, 16, 17, 19, 20) had a moderate risk
of bias based on the assessment with QUIPS tool
(Supplementary Table II) (https://www.researchgate.net/
publication/316124361_Supplementary_Materials).

Patient, tumor, and surgical characteristics of the included
studies are summarized in Table II. The current meta-
analysis included a total of 8,673 patients ranging from 101
to 2,865 per study. Patient age ranged from 64.8 to 71.1
years. Follow-up time ranged from 16 months to 124
months. Most of the patients had pathological T stages 1-2,
and N stage of Nx-0. Three studies reported only patients
with clear cell RCC (8, 13, 16), one study reported only
patients with papillary RCC (11), eight studies reported
patient cohorts with mixed type RCC (9, 10, 12, 14, 15, 17,
18, 20), and another two studies did not specify the
pathological type (7, 19).

Meta-analysis. Pooled results of ACM, CSM, and DR are
shown in Figure 2. Pooled results from eight studies with 5300
patients (8, 10, 11, 13, 15, 16, 18, 19) showed that compared
with non-anemia, anemia was associated with increased ACM
(HR=2.13, 95% CI=1.48-3.06, p<0.0001, 12=78%). Pooled
results from seven studies with 6558 patients (11, 12, 14, 15,
17, 18, 20) showed that anemia was associated with increased
CSM (HR=191, 95% CI=1.26-2.90, p=0.002, 12=73%)
compared with non-anemia. Seven studies with 3,073 patients
(7,9-11, 13, 14, 17) provided data on the association between
preoperative anemia and DR and the results suggest that
anemia was associated with increased DR (HR=1.67, 95%
CI=1.16-2.40, p=0.006, 12=58%).

Sensitivity analysis and subgroup analysis of ACM are shown
in Supplementary Table III and Supplementary Table 1V,
respectively (https://www.researchgate.net/publication/31612
4361_Supplementary_Materials). Pooled HRs of the remaining
studies ranged from 1.89 to 2.41 after excluding one study at
a time. No individual study had a significant impact on the
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Figure 1. Flow diagram of study selection.

pooled effect based on the sensitivity analysis. The findings of
increased ACM were also consistent in all subgroups except
for the group of unclear pathology (one study). Visual
inspection of the funnel plots revealed no obvious publication
bias (Supplementary Figure 1) (https://www.researchgate.net/
publication/316124361_Supplementary_Materials).

Discussion

Identification of risk factors for disease recurrence and
mortality is critical to the management of any type of cancer.
In this meta-analysis, we included 14 cohort studies with
8,673 patients and found a possible association between
preoperative anemia and oncological outcomes in patients
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with RCC who underwent nephrectomy. Our meta-analysis
suggests that compared with non-anemia, preoperative
anemia appears to be significantly associated with increased
ACM, CSM, and DR. To the best of our knowledge, this is
the first meta-analysis evaluating the prognostic role of
preoperative anemia in patients undergoing surgery for RCC.

One previous systematic review on the topic of anemia as a
prognostic factor in patients with cancer was published in 2001
(23). The authors included 60 studies and concluded that
anemia was associated with shorter survival times in patients
with lung cancer, cervico-uterine cancer, head and neck cancer,
prostate cancer, lymphoma, and multiple myeloma (23).
However, most of the included studies of solid tumors reported
survival outcomes in patients with advanced cancer (23). For
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Table 1. Main characteristics of the included studies (all retrospective).

Study (Ref) Year Country Recruitment Hemoglobin cutoff for anemia Outcome(s) of Risk of
period (male/female, g/dl) interest biasT
Brookman-Amissah et al. (7) 2009 Germany 1992-2006 11.3/11.3 DR Low
Chen et al. (8) 2015 China 2003-2012 11.6/11.6 oM Moderate
Cho et al. (9) 2011 Korea 2000-2008 Unclear DR Low
Grivas et al. (10) 2014 Greece 1996-2011 13.5/12.0 OM Moderate
Huang et al. (11) 2015 USA, China 1991-2011 13.5/12.0 OM, CSM, DR Low
Hutterer ef al. (12) 2015 Austria 2004-2012 13.2/13.2 CSM Low
Jensen et al. (13) 2009 Denmark 1992-2001 Unclear DR Moderate
Jeon et al. (14) 2016 Korea 1994-2008 13.5/12.0 OM, CSM, DR Low
Kaffenberger et al. (15) 2015 USA 2000-2010 13.5/12.0 OM, CSM Low
Koie et al. (16) 2014 Japan 1992-2013 Unclear OM Moderate
Komai et al. (17) 2007 Japan 1986-2004 13.0/12.0 CSM, DR Moderate
Moreira et al. (18) 2016 USA 1990-2010 13.5/12.0 OM, CSM Low
Sasaki et al. (19) 2015 Japan 2003-2013 12.0/12.0 OM Moderate
Yap et al. (20) 2013 Malaysia 2003-2012 13.0/12.0 CSM Moderate
fBased on the assessment with Quality in Prognosis Studies (QUIPS) tool (details in Supplementary Table II:

https://www.researchgate .net/publication/316124361_Supplementary_Materials). OM: Overall mortality, CSM: cancer-specific mortality, DR: disease
recurrence.

Table I1. Patient, tumor and surgical characteristics of the included studies.

Study (Ref) No. Mean  Male/ Anemia Mean  Mean T-Stage: ~ N-Stage  Histology Fuhrman  Surgery:
of age female status, follow-up tumor T1/2/ (Nx-0/ (clear/papillary/  grade radical/
patients (years) yes/no (months) size 3/4 NI)  chromophobe/  (1/2/3/4) partial
(cm) other)
Brookman-Amissah
etal. (7) 771 61.1 488/283  58/713 75.7 NR NR NR NR NR 653/118
Chen et al. (8) 406 58+  253/153  57/349 63 NR  340/39/26/1 395/11 406/0/0/0 NR NR
Cho et al. (9) 177 535 130/47 12/165 483 5.12 129/12/36/0 NR 160/8/7/2  35/54/73/15  177/0
Grivas et al. (10) 114 64+ 80/34 26/77 69% NR  71/13/30/0 NR 90/15/5/4 23/64/21/6  104/0
Huang et al. (11) 352 60.1  277/75  108/244 49°F 3.5T  256/31/68/0  340/12 0/352/0/0 249/103% NR
Hutterer et al. (12) 736 63.7 451/285 277/459 16% 4.6 493/49/ NR 596/97/36/7 187/400/ NR
188/6 141/8
Jensen et al. (13) 121 61t 74/37 NR 124% 7 51/17/49/4  112/9 121/0/0/0 4/60/39/18  121/0
Jeon et al. (14) 1437 542 1011/426 NR 68.6 5.1 1031/197/  1402/35  1236/201% 54/632/ NR
181/28 623/128
Kaffenberger et al. (15) 916 60.87 594/322 268/641  42.5F NR 538/102/  862/54 665/2518% 566/316%  584/332
253/23
Koie et al. (16) 400 NR  286/114  71/329 36% NR 261/41/88/10 384/16 400/0/0/0 NR NR
Komai et al. (17) 101 64+ 63/38 27/74 55% NR  63/16/22/0 NR 97/48 63/33/5/0 101/0
Moreira et al. (18) 2865 647 1916/949 661/529/  63.6% 45 1959/381/ NR 2162/477/ 235/1459/ 1625/
1633* 502/23 172/54 1021/150 1240
Sasaki et al. (19) 126 67% 84/42 NR 30.8% 4.6 NR NR NR NR 105/0
Yap et al. (20) 151 60.7  101/50 NR 267 6.5 NR NR 120/13/3/1  11/50/24/10  104/17

fMedian. *Given as anemia only/gross hematuria/no anemia or gross hematuria (total 2823). ¥Shown as 1-2/3-4. $Given as clear/non-clear. NR:
Not reported.

RCC, only one study was included in the review and it also
only focused on patients with metastatic RCC (23). Therefore,
aside from the specific cancer type, another major strength of
our meta-analysis is the selection of patients undergoing
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curative surgery. It is obvious that localized RCC and advanced
RCC have differences in both management and prognosis. The
setting of our meta-analysis renders our conclusion more
reliable and more focused in terms of clinical significance. Our
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HR HR
Study or Subgroup log[HR] SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
Chen et al. 2015 (8) 1.008 0.3142 12.7% 2.74[1.48, 5.07] —
Grivas et al. 2014 (10) 11522 0487  8.4% 3.17[1.22, 8.22]
Huang et al. 2015 (11) 1.3838 0.2594 14.4% 3.99 [2.40, 6.63] -
Jensen et al. 2009 (13) 0.5423 0.201 16.2% 1.72 [1.16, 2.55] -
Kaffenberger etal. 2016 (15)  0.8502 0.1721 17.1% 2.34[1.67, 3.28] -
Koie et al. 2014 (16) 0.6826 0.4858  8.4% 1.98 [0.76, 5.13] T
Moreira et al. 2016 (18) 0.239 0.078 19.3% 1.27 [1.09, 1.48] =
Sasaki et al. 2015 (19) -0.0834 0.8925 3.5% 0.92 [0.16, 5.29] B
Total (95% CI) 100.0% 2.13 [1.48, 3.06] <&
Heterogeneity: Tau? = 0.17; Chi? = 31.65, df = 7 (P < 0.0001); I = 78% f t f y
Test for overall effect: Z = 4.09 (P < 0.0001) 0.01 0.1 ! 10 100
HR HR
Study or Subgroup log[HR]  SE Weight IV. Random, 95% CI IV. Random, 95% CI
Huang et al. 2015 (11) 17544 04338 116%  5.78[2.47, 13.53] —
Hutterer et al. 2015 (12) 0.3709 0.3412 14.1% 1.45[0.74, 2.83] B
Jeon et al. 2016 (14) 0.5068 0.2337 17.5% 1.66 [1.05, 2.62] ——
Kaffenberger etal. 2016 (15)  0.8671 0.2288 17.7% 2.38[1.52, 3.73] -
Komai et al. 2007 (17) 0.6523 0.359 13.6% 1.92[0.95, 3.88] —
Moreira et al. 2016 (18) 0.0198 0.1435 20.1% 1.02 [0.77, 1.35] B d
Yap et al. 2013 (20) 10818 07959 54%  2.95[0.62, 14.04] N I —
Total (95% Cl) 100.0% 1.91 [1.26, 2.90] &>
Heterogeneity: Tau? = 0.20; Chi? = 22.33, df = 6 (P = 0.001); I = 73% ‘ ‘ ‘ ‘
Test for overall effect: Z = 3.04 (P = 0.002) 0.01 01 1 10 100
HR HR
Study or Subgroup loglHR]  SE Weight IV, Random, 95% ClI IV. Random, 95% Cl
Brookman-Amissah et al. 2009 (7) 0.4121 0.2206 19.7% 1.51[0.98, 2.33] "
Cho et al. 2011 (9) 0.124 0.7408 5.1% 1.131[0.27, 4.84] —
Grivas et al. 2014 (10) 1.0709 05214  8.7% 2.92[1.05, 8.11] —
Huang et al. 2015 (11) 1.4586 0.3513 13.8% 4.30 [2.16, 8.56] —
Jensen et al. 2009 (13) 0.5878 0.2999 15.9% 1.80 [1.00, 3.24] "
Jeon et al. 2016 (14) 0.174 0.2026 20.6% 1.19[0.80, 1.77] =
Komai et al. 2007 (17) 0.01 02919 16.3% 1.01[0.57, 1.79] -
Total (95% CI) 100.0% 1.67 [1.16, 2.40] <&
T2 = 0 13 CRiZ = e (P= 12 = £8Y : : : |
Heterogeneity: Tau? = 0.13; Chi? = 14.20, df = 6 (P = 0.03); I* = 58% 0.01 01 1 10 100

Test for overall effect: Z=2.76 (P = 0.006)

Figure 2. Forest plots showing the association between preoperative anemia and all-cause mortality (A), cancer-specific mortality (B), and disease

recurrence (C).

findings are also consistent with results from primary studies
focusing on different types of cancer. For instance, preoperative
anemia was reported as an independent predictor of worse
survival outcomes in patients with upper tract urothelial
carcinoma (24) and muscle-invasive bladder cancer (25).
Overall, our results are well supported by previous studies.
In the meantime, we should always interpret this type of
meta-analysis cautiously. One possible explanation for these
findings is that anemia may be related to a higher cancer
stage, grade, and burden (11, 24, 26). Anemia in patients with
cancer is usually derived from multiple factors and a wide
range of mechanisms, such as bone marrow infiltration,
erythrophagocytosis, hemolysis, amyloidosis, and red cell

aplasia, all of which indicate tumor aggressiveness (26). It is
also very likely that patients with more aggressive RCCs have
a lower hemoglobin level resulting from acute or chronic
hematuria. However, there might be other possible factors
underlying the associations between preoperative anemia and
survival outcomes. For example, patients with anemia have a
lower threshold for perioperative transfusion, which has been
reported to have a negative effect on survival in patients with
RCC after nephrectomy (27). In addition, tumor hypoxia from
anemia may indeed have some influence on the
aggressiveness of cancer. It is well established that hypoxia-
inducible factor (HIF) can target vascular endothelial growth
factor and platelet-derived growth factor, both of which are

3179



ANTICANCER RESEARCH 37: 3175-3181 (2017)

related to angiogenesis, a key factor determining the
invasiveness of cancer cells (26, 28). A recent meta-analysis
showed that increased nuclear expression of HIFla and
cytoplasmic expression of HIF2a indicate unfavorable
prognosis in patients with RCC (28). Based on our results and
previous literature, anemia might not be just a proxy of tumor
stage, aggressiveness or burden, but also be a significant
independent predictor of survival outcome (26).

Therefore, our meta-analysis may have multiple
implications for clinical practice. Firstly, stratification by
anemia status could be used to counsel patients regarding their
overall prognosis. Secondly, preoperative hemoglobin level or
anemia status can be regarded as a potential marker to guide
the management of clinical localized RCCs or facilitate the
decision-making, including clinical trial entry. Thirdly,
preoperative anemia might also raise the flag for more
intensive postoperative follow-up and possible treatment.
Pathological diagnosis and assessment are the key factors in
determining the postoperative follow-up and management
strategy, but the hemoglobin level might provide additional
information. In general, the hemoglobin level is routinely
checked in the clinical setting, which means anemia status can
potentially provide readily available and objective information
to help clinicians to estimate patient outcome.

Although well-designed prospective studies are still needed
to confirm our results, our meta-analysis does have some
implications for future research. One potential area of interest
is to incorporate the hemoglobin level or anemia status into
the existing prognostic and predictive tools for patients with
RCC or develop new predictive tools in which hemoglobin
level is included (3). Most of the existing models do not take
the hemoglobin level into consideration (3, 29, 30). Another
promising research topic is the treatment of preoperative
anemia in patients with RCC to determine how the treatment
may affect the long-term survival outcomes after nephrectomy
(26). The prognostic role of anemia or the hemoglobin level
in metastatic RCCs is also worth further investigation, such as
following the hemoglobin level in patients on clinical trials to
see if it can serve as a surrogate for a therapy response.

There are some additional limitations of our study that must
be pointed out. Firstly, the retrospective study design of all
included studies and the lack of detailed information on
confounding factors might bias the results. Co-factors accounted
for were different among included studies even though all of
them used multivariate Cox regression analysis. Moreover, it is
very hard, if not impossible, to control the confounding factors
in a study-level meta-analysis. Secondly, the duration of follow-
up varied among studies and only six studies had a mean or
median follow-up time longer than 60 months. In addition,
different cutoff values for anemia were used. Finally,
heterogeneities existed in all the outcomes of interest with all
I values being larger than 50% in the primary analyses.
Sensitivity analyses showed that the study of Moreira et al. (18)
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might contribute to the heterogeneity in the analysis for ACM.
Interestingly, that study had the largest number of patients and
the smallest 95% CI (18). It is possible that heterogeneity might
become lower if other studies had had more patient samples.
Subgroup analyses showed that variations in study quality and
pathological type might also contribute to heterogeneity.

Conclusion

In conclusion, this meta-analysis indicates that preoperative
anemia appears to be associated with earlier recurrence and
shorter survival of patients undergoing radical or partial
nephrectomy for RCC. Our findings, however, still need to
be validated by well-designed prospective studies with large
sample size and good control of confounding factors.
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