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Abstract 

Background: Epidermal growth factor receptor (EGFR) activation is associated with increased production of inter-
leukin 6 (IL6), which is intensified by radiotherapy (RT) induced inflammatory response. Elevated IL6 levels intensifies 
RT-induced anemia by upregulating hepcidin causing functional iron deficiency. Cetuximab, an EGFR inhibitor, has 
been associated with lower rates of anemia for locally advanced head and neck squamous cell carcinoma (HNSCC). 
We hypothesized that concomitant cetuximab could prevent RT-induced anemia.

Methods: We queried our institutional head and neck cancers database for non-metastatic HNSCC cases that 
received RT with concomitant cetuximab or RT-only between 2006 and 2018. Cetuximab was administered for some 
high-risk cases medically unfit for platinum agents per multidisciplinary team evaluation. We only included patients 
who had at least one complete blood count in the 4 months preceding and after RT. We compared the prevalence of 
anemia (defined as hemoglobin (Hb) below 12 g/dL in females and 13 g/dL in males) and mean Hb levels at baseline 
and after RT. Improvement of anemia/Hb (resolution of baseline anemia and/or an increase of baseline Hb ≥1 g/dL 
after RT), and overall survival (OS) in relation to anemia/Hb dynamics were also compared.

Results: A total of 171 patients were identified equally distributed between cetuximab-plus-RT and RT-only groups. 
The cetuximab-plus-RT group had more locally-advanced stage, oropharyngeal and high grade tumors (p < 0.001 for 
all). Baseline anemia/Hb were similar, however anemia after RT conclusion was higher in the cetuximab-plus-RT vs 
RT-only (63.5% vs. 44.2%; p = 0.017), with a mean Hb of 11.98 g/dL vs. 12.9 g/dL; p = 0.003, for both respectively. This 
contributed to significantly worse anemia/Hb improvement for cetuximab-plus-RT (18.8% vs. 37.2%; p = 0.007). This 
effect was maintained after adjusting for other factors in multivariate analysis. The prevalence of iron, vitamin-B12 
and folate deficiencies; and chronic kidney disease, was non-different. Baseline anemia was associated with worse 
OS (p = 0.0052) for the whole study cohort. Nevertheless, improvement of anemia/Hb was only marginally associated 
with better OS (p = 0.068).

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

†Lucas Maahs and Ahmed I. Ghanem contributed equally to this work.

*Correspondence:  aghanem1@hfhs.org; jsheqwa1@hfhs.org

2 Department of Radiation Oncology, Henry Ford Cancer Institute, Detroit, MI 
48202, USA
5 Department of Hematology and Medical Oncology, Henry Ford Cancer 
Institute, Detroit, MI 48202, USA
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-022-09708-9&domain=pdf


Page 2 of 10Maahs et al. BMC Cancer          (2022) 22:626 

Background
Anemia is a major complication of cancer, as well as 
many of its treatment options, and can be a cause of 
significant morbidity in oncologic patients [1–5]. The 
prevalence rates of anemia vary depending on the type of 
cancer, cancer stage and definition of anemia, but rates of 
up to 90% have been reported [1]. Radiation therapy (RT) 
can induce anemia or worsen a pre-existing anemia, and 
this effect is accentuated if concomitant systemic therapy 
is administered. A study by Harrison at al. reported that 
48% of patients presenting for RT had anemia and 57% 
were anemic at the end of therapy [2]. In head and neck 
cancer, the prevalence of anemia defined as hemoglobin 
(Hb) < 12.0 g/dL has been reported as 16% prior to treat-
ment and 32% within 3–5 weeks after the first RT dose, 
resulting in a mean Hb decrease of 1.8 g/dL [3, 4]. Addi-
tionally, anemia may worsen the response of some can-
cers to RT. The solid tumor microenvironment is hypoxic 
compared to non-diseased tissue, which is more pro-
nounced in head and neck cancers, and tumor hypoxia 
has been previously associated with dismal outcomes and 
decreased sensitivity to RT. Anemia is thought to worsen 
intramural hypoxia and its presence before or during RT 
adversely impacts tumor radiosensitivity and is indepen-
dently associated with poor locoregional disease control 
and survival [4, 6–8]. Hence, many studies focused on the 
mitigation of tumor hypoxia using various local and sys-
temic modalities including the correction of baseline Hb 
concentration before and during the RT course. Treat-
ment of cancer-related anemia relies on identifying the 
cause (nutritional deficiencies, chronic kidney disease, 
hemorrhage, hemolysis, inherited, treatment-induced) 
and managing it accordingly [1]. Other than that, thera-
peutic options are limited and rely mainly on blood 
transfusions and, to a smaller degree, erythropoietin 
stimulating agents, both of which carry significant risks 
of adverse events and were not proven to enhance onco-
logic outcomes after anemia correction [9]. The use of 
erythropoietin stimulating agents is significantly decreas-
ing mainly due to concerns that the therapy may facilitate 
disease progression, mainly locoregionally [1, 9, 10].

Epidermal growth factor receptor (EGFR), also 
referred to as human epidermal growth factor-1 (HER-
1), is part of the ErbB family (that includes also HER-2, 
HER-3 and HER-4). The activation of the receptor by 

natural ligands, mainly EGF and transforming growth 
factor alpha (TGF-⍺), promotes activation of the intra-
cellular tyrosine kinase that leads to the inhibition 
of apoptosis, cell proliferation and angiogenesis [11]. 
In head and neck cancer, EGFR and TGF-⍺ are over-
expressed in 80–90% of cases and are associated with 
lower rates of locoregional control and survival after 
RT [6]. Another downstream effect of EGFR activa-
tion is increased production of interleukin 6 (IL-6), 
which can be intensified by RT due to its inflammatory 
response [12, 13]. IL-6 causes upregulation of hepci-
din production, a key protein in the regulation of iron 
metabolism. Hepcidin increases the trapping of iron in 
the liver, making it unavailable to hematopoietic tissues 
and leading to a functional iron deficiency, which could 
explain the worsening anemia rates seen in patients 
that undergo RT [2–4, 13].

Cetuximab is an EGFR inhibitor that is used in the 
treatment of head and neck squamous cell carcinoma 
(HNSCC). It is an important option concomitant with 
RT both in the definitive setting [14] and postopera-
tively in high-risk patients [15], especially for patients 
that cannot tolerate a platinum-based regimen. It is 
commonly administered with RT-alone, or combined 
with a non-platinum agent like docetaxel, and can also 
be given following induction chemotherapy [16]. The 
addition of cetuximab to RT has been demonstrated to 
improve locoregional control when compared to RT-
alone, but platinum-based regimens remain standard of 
care for fit patients [14, 17, 18]. A study by Bonner et al. 
reported a significant reduction in anemia rates in this 
setting, raising the question of whether cetuximab can 
be used for prevention or treatment of RT induced ane-
mia [14]. Another study by Ang et al. showed that add-
ing cetuximab to concurrent cisplatin and radiation did 
not result in a significant change in anemia [18]. In the 
recurrent and metastatic settings, adding cetuximab to 
platinum and 5-fluorouracil chemotherapy resulted in 
lower rates of anemia, although the difference was not 
statistically significant [19].

The primary aim of this study was to evaluate 
whether administration of cetuximab with RT is associ-
ated with improved rates of anemia for the treatment of 
non-metastatic HNSCC. We hypothesized that patients 
who receive cetuximab with RT would have decreased 

Conclusions: In contrast to previous studies, cetuximab was not associated with lower rates of anemia after RT for 
nonmetastatic HNSCC patients compared to RT-alone. Dedicated prospective studies are needed to elucidate the 
effect of cetuximab on RT-induced anemia.
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rates of anemia after treatment compared to patients 
who received RT-alone.

Methods
Data source and patient selection
Patients with nonmetastatic HNSCC that received RT 
definitively or in the adjuvant setting, with or with-
out cetuximab as a primary treatment between 2006 
and 2018 were identified from the prospectively main-
tained database encompassing all head and neck can-
cer subjects of Henry Ford Cancer Institute (Detroit, 
MI, USA). Cetuximab was administered for some 
high-risk cases that were medically unfit for platinum 
agents per multidisciplinary team evaluation. Possi-
ble factors for this decision include poor renal func-
tions, hearing problems, poor performance status, as 
well as patient preference. We excluded all patients 
that received concomitant chemotherapy, induction 
chemotherapy as well as those with nasopharyngeal 
cancer and those who failed to complete their planned 
RT course. Patients were only included if they had at 
least one complete blood count within 4 months before 
RT course started, in addition to another one up to 
4 months after treatment. The study was approved by 
the Henry Ford Health System Institutional Review 
Board (IRB number: 13133) and participation consent 
waiver was granted due to the retrospective nature of 
the research.

Study variables
Patients were divided in two groups: RT-alone vs. RT 
with cetuximab. Data collected included patient demo-
graphics (age, gender, race), Charlson comorbidity index 
(CCI), smoking and alcohol history, primary tumor site, 
disease stage per AJCC (early (stages I & II) vs. locally-
advanced (stages III &IV)), human papilloma virus (HPV) 
positivity for oropharyngeal tumors only (according to 
P16 status) and tumor grade of differentiation for non-
HPV related tumors whenever available [20, 21]. Radio-
logical response to RT within 6 months of RT conclusion 
per RECIST criteria 1.1 and survival status at the last 
follow up were also gathered [22]. Pre- and post-RT Hb 
levels were reported from complete blood counts for all 
the study population. We calculated glomerular filtration 
rate for all cases pre- and post-RT and if poor renal func-
tion persisted chronic kidney disease (CKD) was graded 
as grade (G)3, G4 or G5 using KDIGO guidelines [23]. In 
addition, basic anemia studies (vitamin B12 levels, folate 
levels, iron studies including iron and ferritin levels as 
well as total iron binding capacity) were recorded when-
ever available before and/or after RT and were compared.

Outcome assessment
The primary outcome was the prevalence of anemia after 
RT conclusion. Anemia was defined as Hb level lower 
than 12 g/dL in women and 13 g/dL in men [24]. Sec-
ondary outcomes included mean Hb level changes and 
improvement of Hb or anemia after treatment. Improve-
ment of anemia/Hb was defined as either resolution of 
anemia after RT if anemia was present at baseline and/or 
an increase of Hb level of at least 1.0 g/dL above baseline, 
regardless of the presence of baseline anemia. Secondary 
outcomes also included overall survival (OS) in relation 
to anemia/Hb dynamics across study groups.

Statistical analysis
Data was presented as mean (standard deviation (SD)) or 
median (interquartile range (IQR)) for continuous vari-
ables, and frequency (percentage) for categorical vari-
ables. Continuous variables were compared using either 
Student’s t-tests or Wilcoxon’s rank-sum tests, depend-
ing on the distribution of the data. Categorical variables 
were analyzed using Fisher’s exact or chi-square tests, 
as appropriate. Kaplan-Meier curves were plotted to 
demonstrate overall survival across study groups with 
log-rank test used for comparison. Multivariate logistic 
regression models were performed to examine the asso-
ciations between pre-RT predictors and the presence 
of anemia, Hb level and improvement of anemia/Hb at 
the end of RT course. Results were presented with odds 
ratios (ORs) and 95% CI confidence intervals (CIs). All 
tests were 2 sided, with a significance level of 0.05. Analy-
ses were performed using R 4.02.2 (R Foundation for sta-
tistical Computing, Vienna, Austria).

Results
Patient, pathological and treatment characteristics
A total of 171 patients with non-metastatic HNSCC were 
included in the analysis. Of those, 86 received RT-alone 
and 85 received cetuximab plus RT. Baseline characteris-
tics of subjects are shown in Table 1. The cetuximab plus 
RT group had a lower CCI trend (p = 0.082) and a higher 
proportion of oropharyngeal tumors (65.9% vs 30.2%; 
p < 0.001), locally advanced disease (75.3% vs 40.7%, 
p < 0.001), and poorly differentiated tumors (34.4% vs 
7.1%; p < 0.001). On the other hand, the RT-alone group 
had more tumors of the oral cavity and larynx (p < 0.001) 
and had a trend towards more middle-aged patients 
50–70 years (66.3% vs 51.8%; p = 0.092). Radiotherapy 
details and treatment response data is shown in Table 2. 
Most patients were treated definitively (n = 105, 61.4%), 
and the remainder received treatment in the adjuvant 
(postoperative) setting (n =  66, 38.6%) with only a non-
significant trend towards more adjuvant cases in the 
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Table 1 Baseline demographic and tumor characteristics for HNSCC patients receiving radiotherapy with or without concomitant 
cetuximab

Abbreviations: HNSCC Head and neck squamous cell carcinoma, RT Radiotherapy, SD Standard deviation, n (%) Number (percentage), HPV Human papilloma virus

All (n=171) Cetuximab plus 
RT (n=85)

RT alone (n=86) P value

Mean age at Diagnosis in years [SD] 65.51 (11.25) 65.71 (12.20) 65.31 (10.29) 0.821

Age group at Diagnosis in years (n (%)) <50 11 (6.4) 8 (9.4) 3 (3.5) 0.092

50-70 101 (59.1) 44 (51.8) 57 (66.3)

>70 59 (34.5) 33 (38.8) 26 (30.2)

Gender (n (%)) Female 37 (21.6) 18 (21.2) 19 (22.1) 1

Male 134 (78.4) 67 (78.8) 67 (77.9)

Race (n (%)) Black 50 (29.2) 23 (27.1) 27 (31.4) 0.822

White 117 (68.4) 60 (70.6) 57 (66.3)

Other 4 (2.3) 2 (2.4) 2 (2.3)

Median Total Charlson comorbidity index (range) 1 (0-3) 1 (0-2) 2 (1-3) 0.082

Smoking (n (%)) Never 30 (17.5) 15 (17.6) 15 (17.4) 0.918

Former 87 (50.9) 42 (49.4) 45 (52.3)

Active 54 (31.6) 28 (32.9) 26 (30.2)

Alcohol use (n (%)) Never 57 (33.3) 28 (32.9) 29 (33.7) 0.926

Occasional 52 (30.4) 25 (29.4) 27 (31.4)

Frequent 62 (36.3) 32 (37.6) 30 (34.9)

Tumor site (n (%)) Oral cavity 29 (17.0) 11 (12.9) 18 (20.9) <0.001

Oropharynx 82 (48.0) 56 (65.9) 26 (30.2)

Hypopharynx 2 (1.2) 1 (1.2) 1 (1.2)

Larynx 58 (33.9) 17 (20.0) 41 (47.7)

Tumor staging (n (%)) Early 72 (42.1) 21 (24.7) 51 (59.3) <0.001

Locally advanced 99 (57.9) 64 (75.3) 35 (40.7)

Tumor grade of differentiation (n (%)) Well 10 (7.5) 3 (4.7) 7 (10) <0.001

Moderate 62 (46.3) 23 (35.9) 39 (55.7)

Poor 27 (20.1) 22 (34.4) 5 (7.1)

HPV status (oropharyngeal cancers) (n (%)) Positive 37 (64.9) 21 (58.3) 16 (76.2) 0.282

Negative 20 (35.1) 15 (41.7) 5 (23.8)

Table 2 Radiotherapy details, response and survival outcomes for HNSCC patients receiving radiotherapy with or without 
concomitant cetuximab

Abbreviations: HNSCC Head and neck squamous cell carcinoma, RT Radiotherapy, n (%) Number (percentage)

All (n=171) Cetuximab plus RT 
(n=85)

RT alone (n=86) P value

RT Setting (n (%)) Adjuvant 66 (38.6) 27 (31.8) 39 (45.3) 0.095

Definitive 105 (61.4) 58 (68.2) 47 (54.7)

RT dose category (n (%)) 70-72 Gy 101 (59.1) 63 (74.1) 38 (44.2) <0.001

61-66 Gy 57 (33.3) 13 (15.3) 44 (51.2)

≤60 Gy 13 (7.6) 9 (10.6) 4 (4.7)

Radiologic response (n (%)) Complete response 49 (39.8) 18 (27.3) 31 (54.4) 0.013

Partial response 41 (33.3) 28 (42.4) 13 (22.8)

Stable disease 3 (2.4) 1 (1.5) 2 (3.5)

Progressive disease 30 (24.4) 19 (28.8) 11 (19.3)

Mortality at last follow up (n (%)) 99 (57.9) 59 (69.4) 40 (46.5) 0.004
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RT-alone arm (45.3% vs 31.8%; p = 0.095), with lower RT 
dose received. Overall, the RT-alone group had signifi-
cantly better radiologic response to RT (p = 0.009) with 
better OS (2-year OS: 69% vs 48%; p = 0.0058) when com-
pared to the cetuximab plus RT (Fig. S1). Nevertheless, 
this survival advantage was lost in patients who received 
definitive radiotherapy in a subgroup analysis (2-year OS: 
43% vs 68%; p = 0.12) (Fig. S2).

Baseline and post‑RT anemia and hemoglobin levels
The prevalence of anemia (56.5% vs 55.8%) and Hb lev-
els (mean (SD): 12.2 (2.2) g/dL vs 12.5 (2.1) g/dL) before 
radiotherapy were non-different between the study 
groups as depicted in Table  3 (p > 0.05 for all). Baseline 
anemia was significantly associated with African Ameri-
can race and higher-grade tumors for the entire study 
cohort (p < 0.05 for both) Table S1. Besides, smoking, oral 
cavity location, locally advanced disease and getting RT 
in the adjuvant setting were correlated with more anemia 
in the RT-alone arm (p < 0.05 for all) Table S2.

After the conclusion of the prescribed RT course, the 
RT-alone group had significantly lower rates of anemia 
(44.2% vs. 63.5%, p = 0.017) with higher mean (SD) Hb 
level of 12.9 (1.8) g/dL vs 11.98 (2.2) g/dL (p = 0.003), 
compared to cetuximab plus RT. Both contributed to sig-
nificantly better improvement of anemia/Hb post RT for 
RT-alone (n = 32, 37.2%) vs. cetuximab plus RT (n = 16, 
18.8%), p = 0.007. When the analysis was restricted to 
those with pre-existing anemia, 25% had an improvement 
in the cetuximab plus RT group, which was significantly 

worse than RT-alone group (58.3%), p  < 0.001; with post 
RT mean (SD) Hb level of 10.9 (1.9) g/dL vs. 12.2 (1.8) 
g/dL, for both groups respectively, p = 0.001. On the 
other hand, post RT anemia (32.4% vs. 18.4%) and post 
RT mean (SD) Hb (13.4 (1.7) g/dL vs. 13.8 (1.4) g/dL) 
were non-different for those without baseline anemia for 
cetuximab plus RT vs. RT-alone respectively (p = 0.26 for 
both).

Overall survival with anemia/Hb dynamics
Baseline anemia was associated with worse OS both in 
RT-alone (2-year OS: 58% vs 82%; p = 0.0052) (Fig. 1) and 
in RT plus cetuximab (2-year OS: 44% vs 54%; p = 0.0052) 
(Fig.  2). Interestingly, anemia/Hb improvement post-
RT for those with baseline anemia failed to reach sta-
tistical significance and was marginally associated with 
improved OS (p = 0.068) (Fig. 3).

Other causes of anemia and sub‑group analyses
There was no difference in the rates of G3 CKD (9.4% 
vs 8.1%) or end-stage renal disease (G5 CKD, 0 vs 1.2%) 
among both study arms (p = 0.59). Vitamin B12 defi-
ciency, folate deficiency and iron disorders were similar 
between study groups, although this data was only avail-
able for limited number of patients as these tests are not 
routinely ordered for all head and neck cancer patients 
receiving RT.

In a subgroup analysis, RT-alone was associated with 
significantly better mean post-RT Hb level when admin-
istered both in the adjuvant (12.92 g/dL vs 11.92 g/

Table 3 Laboratory investigations, Hb and anemia at baseline and after radiotherapy for HNSCC patients with or without concomitant 
cetuximab

Abbreviations: Hb Hemoglobin, HNSCC Head and neck squamous cell carcinoma, RT Radiotherapy, SD Standard deviation, n (%) Number (percentage), CKD Chronic 
kidney disease, ESRD End stage renal disease

All (n=171) Cetuximab plus RT 
(n=85)

RT alone (n=86) P value

Hb at baseline (mean (SD)) 12.34 (2.17) 12.20 (2.20) 12.48 (2.14) 0.396

Hb after RT (mean (SD)) 12.44 (2.04) 11.98 (2.17) 12.90 (1.80) 0.003

Anemia at baseline (n (%)) 96 (56.1) 48 (56.5) 48 (55.8) 1

Anemia after RT (n (%)) 92 (53.8) 54 (63.5) 38 (44.2) 0.017

Improvement of anemia or Hb levels (n (%)) 48 (28.1) 16 (18.8) 32 (37.2) 0.007

CKD (n (%)) No CKD 155 (90.6) 77 (90.6) 78 (90.7) 0.586

CKD 3 15 (8.8) 8 (9.4) 7 (8.1)

ESRD 1 (0.6) 0 (0.0) 1 (1.2)

Vitamin B12 (n (%)) No data 107 (62.6) 48 (56.5) 59 (68.6)

Normal 64 (37.4) 37 (43.5) 27 (31.4) 1

Folate (n (%)) No data 117 (68.4) 52 (61.2) 65 (75.6)

Low 2 (1.2) 1 (1.2) 1 (1.2) 1

Iron level (n (%)) Deficiency 9 (5.3) 5 (5.9) 4 (4.7) 0.357

Overload 17 (9.9) 9 (10.6) 8 (9.3)

No data 113 (66.1) 51 (60.0) 62 (72.1)
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dL; p = 0.024) and in the definitive settings (12.89 g/dL 
vs 12 g/dL; p = 0.04) compared to RT plus cetuximab. 
Although post-RT anemia level was non-significant 

in the adjuvant setting (51.3% vs 70.4%; p =  0.195) in 
contrast to definitively RT recipients (38.3% vs 60.3%; 
p = 0.04) for RT-alone vs RT plus cetuximab, overall 

Fig. 1 Overall survival for head and neck squamous cell carcinoma with or without baseline anemia for patients receiving concomitant cetuximab 
(n = 85)

Fig. 2 Overall survival for head and neck squamous cell carcinoma with or without baseline anemia for patients receiving radiotherapy alone 
(n = 86)
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anemia/Hb improvements were significant only for adju-
vant RT (56.4% vs 25.9%; p = 0.014), unlike the definitive 
RT setting (21.3% vs 15.5%; p =  0.446) for both study 
groups respectively.

Of note, the difference in anemia rates after RT among 
study groups lost significance when stratified by early 
(57.1% in cetuximab plus RT vs. 41.2% in RT-alone, 
p = 0.33) or locally-advanced stages (65.6% in cetuximab 
plus RT vs. 48.6% in RT-alone, p =  0.15). Nevertheless, 
locally-advanced demonstrated better post RT mean Hb 
level (12.85 g/dL vs 11.77 g/dL; p = 0.01) and also better 
anemia improvement (68.6% vs 21.9%; p  < 0.001) in RT-
alone vs RT plus cetuximab; which was not demonstrated 
in those of early disease (12.94 vs 12.61 g/dL; p =  0.54, 
and 15.7% vs 9.5%; p =  0.71) for RT-alone vs RT plus 
cetuximab respectively.

Multivariate analysis for predictors of post‑RT anemia
Multivariate analysis showed that cetuximab plus RT was 
an independent predictor for post-RT anemia (OR 3.16, 
95%, CI 1.49–7.05; p = 0.003) and low post-RT Hb level 
(Estimate 0.6, CI 1.13–0.06; p = 0.029) (Tables S3–5). 
Similarly, the use of cetuximab plus RT was determin-
istic for anemia/Hb improvement after RT conclusion 
(OR 0.26, CI: 0.10–0.68; p = 0.007). The strongest predic-
tor for having anemia at the end of RT was the presence 
of baseline anemia (OR 7.52, CI 3.44–17.32; p < 0.001) 
adjusting for baseline CCI, alcohol intake, stage, grade, 

RT setting and dose category. Black race vs white was also 
independently associated with post-RT anemia (OR 2.81, 
CI 1.12–7.41; p = 0.031). Baseline Hb level was strongly 
associated with post-RT Hb (Estimate 0.63, CI 0.51–0.74; 
p < 0.001), after accounting for gender and tumor grade. 
Interestingly, having a locally-advanced tumor was inde-
pendently prognostic for both post-RT Hb level (Estimate 
0.62, CI: 0.05–1.19; p = 0.034) as well as for improvement 
of anemia/Hb (OR 7.19, CI: 2.56–22.45; p < 0.001).

Discussion
Our study shows that patients with nonmetastatic 
HNSCC that received RT-alone did better than those 
that received cetuximab with RT in terms of Hb and ane-
mia levels after RT, resulting in higher rates of post-RT 
anemia/Hb improvement. This outcome was maintained 
in multivariate analysis after adjusting for other factors. 
Meanwhile, cetuximab with RT was associated with 
worse tumor outcomes and survival, albeit stage, tumor 
site and treatment were not evenly balanced. This contra-
dicts our main hypothesis as we expected that cetuximab 
would have improved anemia rates in this patient popu-
lation following RT conclusion. The results are also in 
disagreement with the study done by Bonner et al., which 
showed that patients that received cetuximab had lower 
anemia rates compared to those that received RT-alone. 
To our knowledge, this is the only study that has done the 
same comparison, even though patient population, tumor 

Fig. 3 Overall survival for head and neck squamous cell carcinoma with baseline anemia (n = 96) with or without post-radiotherapy improvement 
of anemia/hemoglobin (resolution of pre-RT anemia and/or Hb increase 1 g/dl above baseline)
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and treatment details were not similar. The study by Bon-
ner et al. was a randomized controlled trial and included 
a homogenous population with locoregionally advanced 
HNSCC with similar baseline characteristics among trial 
arms that received definitive RT. In contrast, our retro-
spective single institution analysis included all non-meta-
static stages and patients received RT in both definitively 
and adjuvant. We were able to demonstrate rates on ane-
mia/Hb improvement post-RT, which was not depicted 
by Bonner’s et  al. because pre-treatment anemia rates 
were not reported. According to Bonner et  al., the rate 
of anemia in the cetuximab plus RT group was 3% com-
pared to 13% in RT-alone group (p < 0.001). This signifi-
cant difference persisted after restricting the comparison 
to G 3–5 of anemia (6% vs. 1%, p = 0.006) [14].

A study by Ang et al. compared RT with cisplatin ver-
sus RT with cisplatin and cetuximab. The group with 
cetuximab had a 51% rate of anemia as a complication 
versus 53% without it, but that was not statistically sig-
nificant (p =  0.55) [18]. In contrast, another study that 
compared concomitant cetuximab vs carboplatin vs cis-
platin revealed significantly lower G3 anemia with cetux-
imab in HPV-positive oropharyngeal cancer (p < 0.001) 
even though around half of the study population received 
induction chemotherapy before the RT course [25].

Several other studies compared cetuximab plus RT 
with chemotherapy plus RT. Magrini et al. reported that 
patients that received cetuximab with RT had an ane-
mia rate of 6% compared to 50% in those that received 
RT with cisplatin (p < 0.001) in the definitive setting [26]. 
Hu et al. (2014) reported higher anemia rates overall with 
the same comparison, but also lower in the group that 
received cetuximab (48.1% vs. 80.1%, p < 0.001) [27]. In 
contrast, ARTSCAN III: a randomized controlled phase 
III trial reported non-significant difference between RT 
with either cisplatin or cetuximab, but their comparison 
was restricted to G 3–4 anemia [28]. Multiple other stud-
ies have reported a similar trend [29–31]. However, the 
better anemia results for patients that received cetuximab 
in these studies could be explained by the fact that stand-
ard chemotherapy has higher cytotoxic and nephrotoxic 
effects when compared to cetuximab, rather than a direct 
effect of cetuximab to promote improvement of anemia.

We proposed that the generally better RT-induced ane-
mia rates that are associated with cetuximab use in Bon-
ner et al., and other studies may have arisen indirectly by 
lower hepcidin levels contributing to less functional iron 
deficiency anemia. This effect is thought to be driven at 
least partially by the lowering of IL-6 levels as a conse-
quence of EGFR inhibition by cetuximab [4, 12, 13]. A 
study by Wichmann et  al. demonstrated significantly 
lower IL-6 level release, in addition to other pro-inflam-
matory and pro-angiogenic cytokines by cetuximab on 

the tissue level, albeit none published on a patient level 
[32]. Nevertheless, due to the retrospective nature of the 
study, levels for either IL-6 or hepcidin were not avail-
able for the entire study cohort. Of note, we were able to 
have both baseline iron levels and post-RT levels for only 
10 cases (11.7%) in the cetuximab with RT and 4 cases 
(4.6%) that received RT-alone. Interestingly, the change 
of iron level parameters (iron, ferritin and total iron 
binding capacity) following RT does not seem to be con-
sistently influenced by cetuximab use and was not associ-
ated with post RT anemia or Hb levels as demonstrated 
in Tables S6–7. Although numbers prevented a formal 
comparison, this goes in line with the primary outcome 
of this study that cetuximab did not significantly lower 
RT-induced anemia compared to RT-alone for the inves-
tigated cohort. We strongly recommend recording base-
line and post-RT iron studies and anemia levels as well 
as hepcidin and IL-6 levels whenever possible for all pro-
spective studies utilizing cetuximab concomitant with RT 
so that we can have a definite conclusion.

The better toxicity profile supported by the efficacy 
results of the Bonner et al. study encouraged the admin-
istration of cetuximab with RT as a treatment arm in 
de-escalation trials for the HPV-positive oropharyngeal 
cancer. Gillison et  al. reported 0% G3–4 acute anemia 
compared to 2.8% for cetuximab vs. cisplatin (p = 0.0009) 
[33]. Similar results were portrayed in the De-ESCALate 
randomized trial with 0% vs. 2% for G3–5 anemia [34]. 
The lack of any G3 or above acute anemia in these recent 
major trials (0%) reinforces indirectly how cetuximab 
may protect against, or at least is not associated with an 
increase in, RT-induced anemia.

Of note, baseline anemia was associated with signifi-
cantly worse overall survival, which was consistent for 
both study arms. This is in agreement with previous 
studies addressing both definitive [7] and adjuvant [8] 
radiotherapy settings. On the other hand, improvement 
of anemia/Hb post-RT was not translated into better sur-
vival. This underscores the importance of studying head 
and neck squamous cell carcinoma tumors for patient 
with baseline anemia on the molecular level in the era of 
precision medicine. The independent prognostic effect of 
locally advanced stage on the improvement of anemia/
Hb deserves further dedicated studies.

The results of our study must be interpreted with cau-
tion. Given the retrospective nature of our research and 
the relatively limited number of patients, some character-
istics were not well distributed between the two groups. 
Even though anemia rates prior to treatment were simi-
lar, the fact that the group receiving cetuximab had more 
patients with locally advanced tumors may have contrib-
uted to a poorer outcome overall in this group, including 
anemia rates after treatment, albeit our findings support 
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the opposite. It should also be noted that our study 
included patients treated both in adjuvant and defini-
tive settings to increase data availability, which could 
add confounding variables related to prior surgical inter-
vention. RTOG-0234 is the only randomized trial that 
administered cetuximab in the postoperative RT setting 
for high-risk HNSCC cases. However, cetuximab was 
used in both arms of the study combined with cisplatin 
or docetaxel (G2–4 anemia 15% vs. 6%, respectively) [15]. 
The RT-alone group had a non-significant trend towards 
more patients treated in an adjuvant setting and it is pos-
sible that the better improvement of anemia/Hb after RT 
was influenced by recovery from perioperative anemia. 
Furthermore, patients in the cetuximab plus RT group 
had a higher proportion of poorly differentiated tumors 
and have received higher doses of RT, which may also 
have contributed to worse anemia rates rather than a real 
harmful effect of cetuximab compared to RT-alone as it 
may be assumed in our results. Lastly, our study was lim-
ited by the lack of availability of many laboratory results 
for over 60% of study subjects within the predetermined 
timeframe as these tests are not routinely ordered for all 
patients. This was particularly troublesome when trying 
to compare causes of anemia by measuring vitamin B12, 
folate, and iron studies which would have enhanced the 
robustness of our findings taking in consideration that no 
previous studies discussed this until now.

Conclusions
Cetuximab did not prevent or improve anemia related to 
RT in our study, which is not consistent with the study 
by Bonner et al. [9]. The potential explanations for these 
findings are discussed above but may be attributed to the 
heterogeneity of our study population, staging and treat-
ment imbalances; in addition, to the retrospective nature 
of data gathering. Our findings are not definitive and 
further studies are needed to better elucidate the role of 
cetuximab in the prevention of anemia during RT if any.
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