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ABSTRACT

Background. Anemia is a common manifestation in pa-
tients with cancer. Little is known about the frequency of
and risk for anemia with targeted therapies used to treat
solid tumors.

Methods. We performed a meta-analysis of randomized
controlled trials of solid tumors by comparing targeted
therapy (alone or in combination) with standard therapy
alone to calculate the incidence and relative risk (RR) for
anemia events associated with these agents. Overall, 24,310
patients were included in the analysis.

Results. The addition of targeted therapies to standard
treatment (chemotherapy or placebo/best supportive care)
increased the risk for all grades of anemia by 7%. The RR
for all grades (incidence, 44%) and grades 1–2 (incidence,
38.9%) of anemia was higher with biological therapies

alone but not when combined with chemotherapy. The risk
was significant for erlotinib, trastuzumab, and sunitinib.
Bevacizumab was associated with a lower risk for anemia.
Anti–epidermal growth factor receptor, anti–human epi-
dermal growth factor receptor 2, anti–vascular endothelial
growth factor receptors, and tyrosine kinase inhibitors
predicted RRs of 1.24, 1.20, 0.82, and 1.33, respectively,
and all of these values were significant.

Conclusion. Grade 1–2 anemia is frequently associated
with biological agents. The risk is particularly associated
with small-molecule tyrosine kinase inhibitors (gefitinib
and erlotinib), breast cancer, and lung cancer. Erythropoi-
esis-stimulating agents are not labeled for use with tar-
geted therapies (without chemotherapy) and the treatment
is supportive only. The Oncologist 2012;17:715–724

INTRODUCTION
Anemia is a frequent and serious complication experienced by
many patients with cancer, especially those receiving chemo-
therapy. Because of the potential deleterious effects of anemia
on a patient’s quality of life, performance score, and therapeu-
tic outcome, the treatment of anemia is an important compo-
nent in the overall care of patients with cancer [1]. Treatment
interventions include blood transfusions, iron supplementa-
tion, and recombinant human erythropoietin. In particular,
three major preparations of recombinant human erythropoietin
are used worldwide for the treatment of anemia in patients with
cancer: epoetin alfa, epoetin beta, and darbepoetin alfa.

Over the past few years, molecular-targeted therapies have
revolutionized the treatment of cancer and have increased the
overall survival times of patients with several types of solid tu-
mors, including trastuzumab for breast cancer, bevacizumab
for lung and colorectal cancer, sunitinib for kidney cancer, and
sorafenib for hepatocellular carcinoma. All these biological

agents are invariably associated with serious adverse events,
such as cardiotoxicity, major bleeding, visceral perforations,
and thromboembolic disease. In addition, frequent hemato-
logic toxicities, such as anemia, are often observed in these pa-
tients and have a potential impact on patients’ quality of life.
Epoetins are approved for the treatment of anemia in combi-
nation with chemotherapy in patients with nonmyeloid malig-
nancies, but they have not been assessed for the treatment of
anemia related to biological agent therapies.

Molecularly targeted agents were first used in cancer ther-
apy a few years ago, and their usage has increased over time.
However, the small sample sizes of various clinical trials and
the combination with other agents (e.g., chemotherapy) have
made it difficult to determine the prevalence rates and the pat-
terns of drug-induced anemia and cancer-related fatigue (a ma-
jor consequence of anemia) over time or to compare them
across early-phase trials. Decreased levels of hematocrit [2]
and hemoglobin [3] are likely associated with cancer-related
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fatigue. In one study, the degree of anemia (mild, moderate, or
severe) was predictive of fatigue severity (p � .001) [3]. The
guidelines for cancer-related fatigue from the National Com-
prehensive Cancer Network identify anemia as one of the
seven common contributing and treatable factors that may po-
tentially reduce fatigue if treated. Grade 3–4 fatigue requires
treatment interruption or dose adjustment [4].

In patients with cancer, multiple factors may contribute to
the development of anemia, including the malignancy itself,
chemotherapy, underlying comorbidities, and blood loss. All
targeted agents may cause anemia, but the most common cause
of anemia remains chronic disease. However, the hypothetical
etiopathogenetic role of targeted agents has not yet been
clearly assessed.

Theoretically, the causes of anemia in patients with cancer
who are undergoing treatment with biological agents can be
grouped into three main categories as reported in the literature:
blood loss (related to major or minor bleeding) [5–15], re-
duced/impaired erythrocyte production [16 –21], and in-
creased destruction or reduced survival of RBCs [22–28].

The aim of this review and meta-analysis was to identify
the incidence of and the relative risk for anemia in large ran-
domized trials of targeted therapies currently approved for the
treatment of solid tumors.

PATIENTS AND METHODS

Data Source
The search was limited to phase II and III randomized con-
trolled trials (RCTs) and was restricted only to approved, tar-
geted agents in the U.S. or Europe. We searched PubMed for
published articles in English with no date restriction (last
search performed on December 16, 2011) using the keywords
“cetuximab,” “panitumumab,” “trastuzumab,” “lapatinib,”
“sunitinib,” “sorafenib,” “everolimus,” “temsirolimus,” “pa-
zopanib,” “imatinib,” “bevacizumab,” “gefitinib,” and “erlo-
tinib” in RCTs.

Inclusion criteria were as follows: (a) comparison of la-
beled targeted therapy plus best supportive care or placebo or
cytokines versus best supportive care or placebo alone or cy-
tokines alone, (b) targeted therapy plus chemotherapy versus
chemotherapy alone, (c) patients with solid tumors treated with
systemic therapy alone, and (D) RCTs. Selected studies were
excluded if they included radiotherapy or different targeted
drugs in both arms, but they were included if the experimental
arm tested two targeted therapies and the control arm tested
one targeted agent that was the same as the experimental arm
(e.g., [chemotherapy and/or placebo or best supportive care] �
A � B versus [chemotherapy and/or placebo or best supportive
care] � A, where A and B are both biological agents).

Study Selection
The goal of this study was to determine whether or not targeted
therapies contribute to the development of anemia in patients
with solid cancer (hematologic malignancies were excluded).
We only selected RCTs in which patients treated with and
without these agents had been directly compared. Phase I and

single-arm phase II trials were excluded because of the lack of
a control group. In particular, clinical trials that met the fol-
lowing criteria were included in the meta-analysis: (a) pro-
spective phase II and III randomized, clinical trials in patients
with solid tumors; (b) random assignment to either targeted-
agent treatment and best supportive care versus best supportive
care (or placebo) alone or targeted agents plus concurrent che-
motherapy or hormonal agents or biologic response modifiers
(e.g., cytokines) versus chemotherapy or hormonal agents or
biologic response modifiers alone; and (c) available data for
the analysis, including events or incidence of anemia and sam-
ple size.

Statistical Endpoints
Details about the number of patients, the type of cancer, the
type of treatment, the results, and the follow-up were extracted
from the included studies [29]. Data regarding the occurrence
of anemia were obtained from the safety profile of each study
and were primary endpoints. The cases of anemia in these stud-
ies were assessed and recorded according to the National Can-
cer Institute’s Common Terminology Criteria for Adverse
Events (CTCAE), which are widely used in cancer clinical tri-
als [30, 31]. Anemia is a diagnosis (not a CTCAE term per se)
that results from a reduction in the number of circulating eryth-
rocytes or in the quantity of hemoglobin.

Grade 1 or 2 adverse events were defined as hemoglobin
levels between the normal limit and 10 g/dL and 8–10 g/dL,
respectively. Grade 3 and 4 adverse events were defined as he-
moglobin levels of 6.5–8 g/dL and �6.5 g/dL, respectively.
We calculated the relative risk (RR) for all grades of anemia.
Data were included if they were reported according to either
severe anemia only (grade 3–4) or all grades (grade 1–4) when
available. If the percentage of events alone was reported in the
experimental and control arms, then the absolute number of
events was calculated. Primary analyses were as follows: (a)
RR for all grades of anemia in all studies; (b) all-grade, low-
grade, and high-grade anemia with targeted therapies alone;
and (c) all-grade, low-grade, and high-grade anemia with tar-
geted therapies combined with chemotherapies or other agents.
Secondary analyses included the following: (a) the risk for
anemia with each targeted agent, (b) the risk for anemia ac-
cording to the class of targeted therapy; (c) the risk for anemia
according to the type of pharmacological agent (tyrosine ki-
nase inhibitors [TKIs] versus monoclonal antibodies); and (d)
the risk for anemia according to underlying disease.

Statistical Analysis
RevMan 5.0.24 (Cochrane Information Management System,
San Francisco, CA) was used for the statistical analyses. To
calculate the RR, patients assigned to the experimental group
were only compared with patients assigned to the control
group in the same clinical trial. For the meta-analysis, we used
either a fixed effects model (weighted with inverse variance)
or a random effects model [32]. For each meta-analysis, Co-
chran’s Q statistic and I2 statistics were first calculated to as-
sess heterogeneity among the proportions of the included
trials. If p � .1, the assumption of homogeneity was deemed
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invalid and the random effects model was reported after ex-
ploring the causes of heterogeneity [33]. Otherwise, the fixed
effects model was reported.

The extent to which the combined risk estimate might be
affected by the individual studies was assessed by consecu-
tively omitting each study from the meta-analysis (leave-one-
out procedure). Subgroup analyses involving more
homogeneous studies (all patients enrolled in trials that ex-
plored the benefit of one specific drug or all patients affected
by the same disease) were performed to identify subsets of pa-
tients who were more likely to suffer from anemia. To detect
publication biases, a funnel plot was used, in which the asym-
metry was formally investigated with the Egger linear regres-
sion approach and the Begg rank correlation test. The impact of
publication biases on the summary effects was assessed using
the trim-and-fill method. Two-tailed p � .05 was considered
statistically significant.

RESULTS
The search found 731 publications, of which only 52 matched
the inclusion criteria of this search [6, 34–84]. The number of
patients available for toxicity analysis was 24,310. The results
of the meta-analysis affirmed that anemia is a frequent event in
patients with solid tumors treated with biological agents alone
or in combination with chemotherapy. The global incidence of
anemia was 22.2% (all grades). The incidence of grades 1–2
and 3–4 adverse events were 31.4% (only 28 trials reported
these low-grade anemia events) and 6.3% (all trials), respec-
tively. However, these values are probably underestimated be-
cause several trials only reported severe anemia (grade 3–4)
and not the more frequent low grades.

Primary analysis showed that the RR in all the included
studies for all grades of anemia was 1.07 (p � .09) (Fig. 1) with
high heterogeneity among trials (�2, 188.13; df, 51; p �
.00001; I2, 73%). The corresponding RR was 1.18 (95% con-
fidence interval [CI], 1–1.4), which was significant (p � .05
according to a random effects model) for biologic single-agent
trials only (Fig. 2).

The RRs for low-grade anemia (grade 1–2) were 1.13 (p �
.09 according to a random effects model) and 1.15 (95% CI,
1–1.33, p � .05 according to a random effects model) (Fig. 3)
for all trials pooled together and biologic agents alone, respec-
tively. The risk ratio calculation of high-grade anemia (grade
3–4) was not significant. However, the results of the test for
subgroup differences were highly significant (p � .00001), so
it was more reasonable to analyze the RRs for different agents
and classes of drugs (Fig. 1).

Subgroup Analysis
We performed multiple analyses as a function of any biologi-
cal agent and of any class of agent used, including anti–human
epidermal growth factor receptor (HER)-2, anti– epidermal
growth factor receptor (EGFR), anti–vascular endothelial
growth factor (VEGF), and mammalian target of rapamycin
(mTOR) inhibitors. I2 statistics were calculated to assess het-
erogeneity, and the Z test was used to assess the overall effect
(Tables 1 and 2).

Erlotinib, an anti-EGFR TKI approved for the treatment of
lung and pancreatic cancer, was associated with a relatively
high incidence of anemia (25%) and had an RR of 1.34 (95%
CI, 1.14–1.58; p � .0005 according to a fixed effects model)
(Fig. 1). These results were significant and similar to the ones
obtained with the TKI gefitinib, for which the incidence of ane-
mia was lower (13%) and the RR was 2.04 (95% CI, 0.88–
4.76; p � .1 according to a random effects model) (Fig. 1). In
particular, a higher RR was observed in patients with lung can-
cer treated with erlotinib or gefitinib (RR, 1.98; 95% CI, 1.22–
3.22; p � .006 according to a random effects model), which
resulted in an absolute risk difference of 7%.

Cetuximab, an anti-EGFR monoclonal antibody, was asso-
ciated with a high risk for anemia (25%), but no higher than in
control arms when added to chemotherapy (RR, 0.98; 95% CI,
0.88–1.11; p � 0.8 according to a random effects model) (Fig.
1). Bevacizumab, which is an anti-VEGF monoclonal anti-
body used for treating breast, lung, kidney, and colorectal car-
cinoma, was associated with a lower risk for anemia than in
nonbevacizumab arms (RR, 0.73; p � .00001 according to a
fixed effects model, absolute risk difference, �3%), with sim-
ilar results across all pathologies (Fig. 1).

In regard to the other anti-VEGFR agents (sunitinib and
sorafenib), the risk for anemia was significantly higher only in
the sunitinib arms (RR, 1.09; 95% CI, 1.01–1.18; p � .03 ac-
cording to a fixed effects model) (Fig. 1). When we only con-
sidered monotherapy trials (sunitinib and sorafenib studies),
the respective incidence values were 78% and 7.5%. The value
for sunitinib was most likely higher because most patients
were affected by renal cell carcinomas, for which anemia is a
very frequent disease-related laboratory event (74% of the
analysis was taken from a study by Motzer et al. [59]; RR, 1.13;
p � .006). This is not true for the Escudier et al. [38] trial that
was conducted in patients with renal cell carcinomas treated
with sorafenib, in which the RR of 1.03 was not found to be
significant. The pooled analysis of all trials, including the
monotherapy arms only (sunitinib or sorafenib), showed an RR
of 1.1 (p � .03; absolute risk difference, 4%).

In the studies that compared arms using the anti–HER-2
monoclonal antibody trastuzumab with nontrastuzumab arms
(combination arms only), the incidence of anemia was 42% in
the experimental arms, with a higher risk than in the control
arms (RR, 1.23; 95% CI, 1.10–1.37; p � .0003 according to a
fixed effects model; absolute risk difference, 8%) (Fig. 1).

The incidences of anemia reported in the two studies with
mTOR inhibitors (everolimus and temsirolimus) were the
highest reported in our analysis (62.5% and 53%, respec-
tively); the RRs were 1.43 (p �.00001) and 1.08 (p � .52), re-
spectively (Fig. 1). We also analyzed the RR for developing
anemia according to the type and class of agent used. In par-
ticular, TKIs were found to be associated with an RR of 1.33
(95% CI, 1.09–1.62; p � .005 according to a random effects
model), whereas monoclonal antibodies were associated with a
lower RR for anemia (RR, 0.97; p � .56).

Anti-EGFR, anti–HER-2, anti-VEGFR, and mTOR inhib-
itors predicted RRs of 1.24, 1.20, 0.82, and 1.66, respectively;
all these values were significant (p � .009, p � .0003, p � .02,
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Study or Subgroup

1.1.1 erlotinib
Gatzmeier 2007
Herbst 2005
Mok 2009
Stinchombe 2011
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .00; Chi² = 1.77, df = 3 (p = .62); I² = 0%
Test for overall effect: Z = 3.33 (p = .0009)

1.1.2 gefitinib
Gaafar 2011
Giaccone 2004
Goss 2009
Guarneri 2008
Herbst 2004
Santoro 2008
Vieitez 2011
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .83; Chi² = 33.11, df = 6 (p < .00001); I² = 82%
Test for overall effect: Z = 1.65 (p = .10)

1.1.3 cetuximab
Bokemeyer 2008
Borner 2008
Burtness 2005
Butts 2007
Cascinu 2008
Lynch 2009
Maughan 2011
Philip 2010
Pirker 2009
Rosell 2008
Sobrero 2008
Vermorken 2008
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .01; Chi² = 27.65, df = 11 (p = .004); I² = 60%
Test for overall effect: Z = 0.26 (p = .80)

1.1.4 bevacizumab
Escudier AVOREN 2007
Hochster 2008
Kindler 2010
Miles 2010
Miller 2007
Ohtsu 2011
Reck 2009
Rini 2010
Sandler 2006
Stathopoulos 2010
Van Cutsem 2009
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .02; Chi² = 13.22, df = 10 (p = .21); I² = 24%
Test for overall effect: Z = 3.67 (p = .0002)

1.1.5 sunitinib
Demetri 2006
Mayer 2010
Motzer 2009
Wildiers 2010
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .00; Chi² = 3.45, df = 3 (p = .33); I² = 13%
Test for overall effect: Z = 1.61 (p = .11)

1.1.6 sorafenib
Escudier TARGET 2007
Hauschild 2009
McDermott 2008
Scagliotti 2010
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .00; Chi² = 2.93, df = 3 (p = .40); I² = 0%
Test for overall effect: Z = 0.54 (p = .59)

1.1.7 trastuzumab
Bang 2010
Gatzemeier 2004
Joensuu 2006
Marty 2005
Slamon 2001
Von Minckwitz 2009
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .00; Chi² = 6.01, df = 5 (p = .31); I² = 17%
Test for overall effect: Z = 3.08 (p = .002)

1.1.8 everolimus and temsirolimus
Hudes 2007
Motzer RECORD 2010
Yao 2011
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = .17; Chi² = 26.19, df = 2 (p < .00001); I² = 92%
Test for overall effect: Z = 1.91 (p = .06)

1.1.9 imatinib
Mathew 2007
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = .66 (P = 0.51)

Total (95% CI)
Total events
Heterogeneity: Tau² = .03; Chi² = 188.13, df = 51 (p < .00001); I² = 73%
Test for overall effect: Z = 1.68 (p = .09)
Test for subgroup differences: Chi² = 38.76, df = 8 (p < .00001), I² = 79.4%

Events

102
108
17
4

231

0
64
7
2

90
7

18

188

6
25
9

62
0

17
38
35
76
6

527
29

830

33
8

14
7
1

40
68
59
0

36
80

346

124
0

296
1

421

34
9

17
36

96

81
20
79
74
63
48

365

94
252
47

393

0

0

2870

Total

580
209
74
51

914

85
720
100
59

384
51
38

1437

170
37
58
64
42

325
815
361
548
42

618
219

3299

337
213
277
499
365
386
659
362
427
114
296

3935

202
23

375
36

636

451
134
51

436
1072

292
50

115
92

234
77

860

208
274
204
686

57
57

12896

Events

73
87
11
1

172

2
22
1
0
9
6

15

55

4
33
5

63
3

15
13
22
94
6

520
41

819

41
23
21
6
0

53
44
76
4

36
95

399

61
4

252
0

317

33
18
16
39

106

61
18
78
63
44
32

296

84
108

6

198

1

1

2363

Total

579
208
79
44

910

86
355
101
31

341
48
38

1000

168
37
58
66
42

320
815
355
562
43

596
215

3277

304
147
263
231
346
381
327
347
440
108
287

3181

102
23

360
19

504

451
134
50

459
1094

284
51

116
94

230
74

849

200
137
203
540

59
59

11414

Weight

3.2%
3.8%
1.1%
0.1%
8.3%

0.1%
1.9%
0.2%
0.1%
1.2%
0.6%
1.7%
5.6%

0.4%
3.4%
0.6%
4.9%
0.1%
1.1%
1.3%
1.7%
3.2%
0.5%
4.9%
2.1%

24.2%

2.1%
0.9%
1.2%
0.5%
0.1%
2.4%
2.6%
3.0%
0.1%
2.4%
3.4%

18.7%

3.9%
0.1%
4.8%
0.1%
8.8%

1.9%
0.9%
1.5%
2.1%
6.5%

3.1%
1.7%
4.1%
4.1%
2.7%
2.9%

18.6%

3.7%
4.7%
0.8%
9.2%

0.1%
0.1%

100.0%

M-H, Random, 95% CI

1.39 [1.06–1.84]
1.24 [1.00–1.52]
1.65 [0.83–3.29]

3.45 [0.40–29.74]
1.31 [1.12–1.54]

0.20 [0.01–4.15]
1.43 [0.90–2.29]

7.07 [0.89–56.42]
2.67 [0.13–53.88]
8.88 [4.55–17.35]
1.10 [0.40–3.04]
1.20 [0.72–2.01]
2.04 [0.88–4.76]

1.48 [0.43–5.16]
0.76 [0.59–0.97]
1.80 [0.64–5.05]
1.01 [0.95–1.09]
0.14 [0.01–2.68]
1.12 [0.57–2.20]
2.92 [1.57–5.45]
1.56 [0.94–2.61]
0.83 [0.63–1.10]
1.02 [0.36–2.92]
0.98 [0.93–1.02]
0.69 [0.45–1.07]
0.98 [0.88–1.11]

0.73 [0.47–1.12]
0.24 [0.11–0.52]
0.63 [0.33–1.22]
0.54 [0.18–1.59]

2.84 [0.12–69.58]
0.74 [0.51–1.10]
0.77 [0.54–1.09]
0.74 [0.55–1.01]
0.11 [0.01–2.12]
0.95 [0.65–1.38]
0.82 [0.64–1.05]
0.74 [0.62–0.87]

1.03 [0.85–1.25]
0.11 [0.01–1.95]
1.13 [1.04–1.23]

1.62 [0.07–38.00]
1.10 [0.98–1.23]

1.03 [0.65–1.63]
0.50 [0.23–1.07]
1.04 [0.59–1.82]
0.97 [0.63–1.50]
0.93 [0.72–1.21]

1.29 [0.97–1.72]
1.13 [0.69–1.87]
1.02 [0.86–1.22]
1.20 [1.01–1.43]
1.41 [1.00–1.98]
1.44 [1.05–1.97]
1.20 [1.07–1.34]

1.08 [0.86–1.34]
1.17 [1.06–1.28]

7.79 [3.41–17.83]
1.66 [0.99–2.80]

0.34 [0.01–8.29]
0.34 [0.01–8.29]

1.07 [0.99–1.16]

oitaR ksiRoitaR ksiRlortnoClatnemirepxE
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favors control      Favors experimental

Figure 1. Meta-analysis of the overall relative risk for anemia (all grades) with targeted therapies (all agents separately) in 53 randomized studies.
Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel.
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and p � .06, respectively). According to the pathology-driven
analysis, patients with colorectal cancer, breast cancer, head-
neck cancer, renal cell carcinoma, and non-small cell lung can-
cer (NSCLC) did not exhibit any significantly different risks
for developing anemia if treated with targeted therapies, with
the exception of breast cancer (RR, 1.11; p � .04). The results
are summarized in Table 1 according to the different agents
used.

The absence of a dominant study driving the results of the
meta-analysis was demonstrated by the “one-study-removed”
procedure that generated overall risk ratio estimates (RR, 1.06;
range, 0.92–1.44; p � .132). We also investigated publication
biases, which were not statistically significant (p � .46981,
Begg and Mazumdar rank correlation test; p � .28742, Egger
regression test). Consequently, we calculated the number of
potentially “missing” trials according to the trim-and-fill
method mentioned above, which suggested that two studies
were missing; however, according to the random effects
model, the RR estimate was 1.03 (0.947–1.121). The funnel
plots are represented in Figure 4.

DISCUSSION
Anemia is a frequent but often underreported and undertreated
[85] event in clinical practice. The treatment of anemia is also
expensive for the health care system in terms of blood transfu-

sions, erythropoiesis-stimulating agents (ESAs), and paren-
teral iron. Anemia is associated with a poor prognosis in
patients with cancer and was shown to be correlated with a
65% greater overall mortality risk [86, 87]. In the largest trial
that was analyzed in this study (the Erbitux Plus Irinotecan in
Colorectal Cancer trial) [68], anemia was the most frequently
occurring adverse event among hematological and nonhema-
tological adverse events, affecting 85% and 87% of patients in
each arm, respectively. In addition, some degree of anemia
could cause fatigue, which is a common event associated with
these agents. The risk for manifesting fatigue was 36% higher
than in control arms with a risk difference of 10% in the trials
involving targeted drugs as single agents, in which the RR for
anemia was 1.18. However, after adjusting for anemia rate
(with metaregression analysis), the risk for fatigue remained
significantly higher than in control arms. Therefore, fatigue is
an additional side effect of certain biological agents, linked to
but independent from anemia.

Compared with standard therapy (chemotherapy or support-
ive care), our analysis showed that the overall RR for targeted
agent–related anemia was 1.07 (incidence, 22%), whereas this
value was significantly higher for erlotinib (incidence, 25%) and
gefitinib (incidence, 13%; RR, 1.34 and 2.04, respectively). One
explanation for this result is that the four analyzed erlotinib stud-
ies enrolled patients with advanced NSCLC who were also being
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Figure 2. Meta-analysis of the overall relative risk for anemia (all grades) with targeted therapies alone (single-agent trials) versus
control arm care in nine randomized studies.

Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel.
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Figure 3. Meta-analysis of the overall relative risk for grade 1–2 anemia with targeted therapies alone (single-agent trials) versus control
arm care in seven randomized studies.

Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel.
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treated (except for one) with platinum-based chemotherapy com-
bined with erlotinib. In general, the RR was higher for targeted
therapies alone (monotherapy studies) than in combination with
other antineoplastic agents (RR, 1.18). Similarly, the RR for ane-

mia was significantly higher for mTOR inhibitors, anti-EGFR or
anti–HER-2 agents, sunitinib, and sorafenib (incidence, 66%)
and lower for the anti-VEGF monoclonal antibody bevacizumab
(RR, 0.73).

Table 1. Meta-analysis of subgroups

Drug n of studies
n of
patients Disease (n of studies)

Relative risk
for anemia I2 p-value

Bevacizumab 11 (1 phase II, 10 phase
III)

7,116 Lung (2), kidney (2), breast (2),
pancreas (2), colon (2), gastric (1)
cancer

0.73 24% �.00001
a

Cetuximab 12 (7 phase III, 5 phase
II)

6,576 Head and neck (2), lung (4), colon (4),
pancreas (2) cancer

0.98 60% .98

Trastuzumab 6 (1 phase I, 2 phase II, 3
phase III)

2,486 Breast (4), lung (1), stomach (1)
cancer

1.23 17% .0003a

Erlotinib 4 (2 phase II, 2 phase III) 1,824 Lung cancer (4) 1.34 0% .0005a

Gefitinib 7 (3 phase II, 4 phase III) 2,437 Lung (4), colon (2), breast (1) cancer 2.04 82% .1

Sunitinib 4 (2 phase II, 2 phase III) 1,140 Gastrointestinal stromal tumor (1),
kidney cancer (1), breast cancer (2)

1.09 13% .03a

Sorafenib 4 (1 phase II, 3 phase III) 2,166 Lung cancer (1), melanoma (2),
kidney cancer (1)

1.03 0% .53

Everolimus 2 (phase III) 818 Kidney and neuroendocrine cancer 2.94 97% .39

Temsirolimus 1 (phase III) 408 Kidney cancer 1.08 NA .52

Imatinib 1 (phase III) 116 Prostate cancer 0.34 NA .51
aStatistically significant.
Abbreviation: NA, not applicable.

Table 2. Meta-analysis according to other stratification factors

Subgroup analysis

n of events/patients

Relative risk for anemia I2 p-valueExperimental group Control group

Relative risk according to
class of agent

Anti–HER-2 284/568 235/565 1.21 28% .001a

mTOR inhibitor 393/686 198/540 1.66 92% .06

Anti-EGFR 1,249/5,650 1,046/5,187 1.24 84% .009a

Anti-VEGF(R) 863/5,643 820/4,779 0.82 66% .02a

Relative risk according to route
of drug administration

Oral TKI 924/4,116 627/3,567 1.33 69% .005a

i.v. mAb 1,541/8,094 2,031/8,084 0.97 64% .56

Relative risk according to disease

Breast cancer 212/1,266 698/1,711 1.11 16% .04a

Lung cancer 677/4,754 489/4,061 1.27 84% .06

Head and neck cancer 38/277 46/273 0.99 64% .99

Colorectal cancer 621/1,729 591/1,702 1.14 75% .42

Renal cell cancer 566/1,840 594/1,799 0.88 91% .39
aStatistically significant.
Abbreviations: EGFR, epidermal growth factor receptor; HER-2, human epidermal growth factor receptor 2; mAb,
monoclonal antibody; mTOR, mammalian target of rapamycin; TKI, tyrosine kinase inhibitor; VEGF(R), vascular
endothelial growth factor (receptor).
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The mechanism of action of bevacizumab is only mediated
by circulating VEGF blockade. In contrast, TKIs, such as
sunitinib, instead target several receptor tyrosine kinases in tu-
mors and endothelial cells. These pathways most likely play
critical roles in the development of anemia. One explanation
for anemia with multitargeted TKIs is the action on hemato-
poiesis of FLT-3 and Kit blockade [20, 88, 89]. This probably
explains some forms of macrocytosis seen during sunitinib
therapy and mentioned previously [16–20]. Chronic bleeding
resulting from these angiogenetic drugs cannot be ruled out
[90]. Also, some cases of microangiopathic thrombotic hemo-
lytic anemia were observed by some authors, particularly with
sunitinib [22–28, 58].

A previous meta-analysis of bevacizumab RCTs is in
agreement with our results, showing a risk-lowering effect
of bevacizumab on anemia adverse events [5, 91, 92]. The
only monoclonal antibody that seemed to increase the risk
for anemia was trastuzumab (RR, 1.23). Overall, the risk
was higher with orally available TKIs than with monoclonal
antibodies (RR, 1.33 versus 0.96, respectively), which rein-
forces the role of these orally available agents in the etio-
pathogenesis of anemia.

The mildly higher incidence of low-grade anemia, how-
ever, does not seem to be associated with a detrimental effect
on quality-of-life parameters, with the exception of fatigue,
which is a very common side effect of targeted therapies. Only
20% of the analyzed studies reported data regarding quality of
life. Nevertheless, the effect of treatment on cancer-related
symptoms exceeded the effect of anemia.

The results from this meta-analysis are only partially ex-
plainable. There is most likely an association between tar-
geted agents (e.g., erlotinib and gefitinib) and the type of
cancer. For example, in patients with lung cancer treated
with anti-EGFR TKIs, the RR for anemia was more than
double that of patients treated in control arms (RR, 1.81;
p � 0.006 for the overall effect in this subgroup). Lung can-

cer is frequently associated with anemia, and platinum-
based therapies frequently cause anemia and are critical
components of this type of treatment approach. Similarly,
renal cell carcinoma is often associated with disease- or
paraneoplastic-related anemia. Targeted agents approved
for the treatment of renal cell carcinoma (e.g., sunitinib) in-
crease the RR for anemia (RR, 1.1) and are frequently asso-
ciated with anemic adverse events (66% in all studies
reported). In our analysis, however, only NSCLCs (not re-
nal cell carcinomas) were associated with a higher RR for
anemia per se when treated with biological agents (RR, 1.27
versus 0.88 for the two comparisons, respectively), even
though both results were not significant. This result seems
to support the independent role of these drugs as causative
agents of anemia in addition to the underlying disease.

The meta-analysis showed that anemia associated with tar-
geted therapy alone is a frequent event in clinical practice and
that treatment of anemia remains a challenge. In particular,
grade 1–2 anemia is more frequent than grade 3–4 anemia,
which usually requires a blood transfusion. No approved treat-
ment is currently available for mild anemia caused by these
drugs, and iron supplementation, correction of other additional
causes of anemia, reduction or interruption of the treatment,
and transfusion are the only available approaches to prevent or
treat this condition. According to the major international
guidelines for anemia, ESAs are to only be used in patients
with chemotherapy-induced anemia [93–96]. Because of the
high incidence of targeted agent–related anemia, the frequent
coexistence of drug-related fatigue, and the prolonged chronic
treatments that patients undergo, the use of epoetins as antiane-
mic therapy could provide an opportunity for evaluation with
ad hoc studies.

There is an urgent need to perform additional studies that
further clarify the real pathogenetic mechanism of targeted
agents in the development of anemia. In addition, the extension
of ESA labels in this setting can only be considered after care-
ful evaluation through appropriate, well-conducted RCTs. A
clear understanding of these issues is crucial for clinicians to
inform patients about the potential benefits and harmful effects
of these drugs, as well as to extend the benefit and reduce the
related risks of these treatments.

CONCLUSION
The meta-analysis described here has shown that the inci-
dence of anemia is a considerable event in 52 published
RCTs with targeted therapies, with a particularly significant
incidence of grade 1–2 anemia adverse events (31%). The
overall RR compared with patients treated with nontargeted
therapies was 1.07 but was not significant. The RRs for all
grades as well as for grade 1–2 anemia in patients treated
with targeted agents as monotherapy were significant, com-
pared with supportive care alone. TKIs and mTOR inhibi-
tors (particularly erlotinib, gefitinib, sunitinib, everolimus,
and temsirolimus) were found to be associated with higher
and significant RRs. Among monoclonal antibodies, trastu-
zumab was the only agent with a significant association,
whereas bevacizumab was associated with a lower risk for

-3                 -2                  -1                  0                   1                   2                  3

0.0

0.5

1.0

1.5

2.0

St
an

da
rd

 E
rr

or

Log risk ratio

Funnel Plot of Standard Error by Log risk ratio

Figure 4. Funnel plot of the meta-analysis.
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anemia. The RR was higher for oral TKI agents than for par-
enteral monoclonal antibodies, particularly in the setting of
advanced lung cancer. The biological explanation for these
data is unknown, but an association with the underlying dis-
ease (e.g., lung carcinoma), stage of disease (e.g., meta-
static), and paraneoplastic syndromes may play an
important role. In particular, the use of biological agents
alone increased the risk for grade 1–2 anemia by 15%.

It is yet unknown if the label of ESA agents could be ex-
tended to patients treated with targeted therapies. However, the
risk-to-benefit ratio of ESA agents in this population has to be

carefully explored with appropriate clinical trials, particularly
with regard to vascular adverse events.
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