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Purpose: Anemia is associated with poor treatment results for a variety of cancers. The effect of low hemoglobin levels on 
long-term outcomes after the treatment of patients with an anal squamous cell carcinoma (SCC) remains unclear. For that 
reason, this study aimed to investigate the effect of anemia on treatment outcomes following chemoradiation for an anal 
SCC. 
Methods: This was a retrospective study of all patients who underwent curative treatment for an anal SCC between 2009 
and 2015 at 2 trusts in the United Kingdom. Data were collated from prospectively collected cancer databases and were 
cross-checked with operating-room records and records in the hospitals’ patient management systems. 
Results: We identified 103 patients with a median age of 63 years (range, 36–84 years). The median overall survival was 39 
months (range, 9–90 months), and the disease-free survival was 36 months (range, 2–90 months). During the follow-up 
period, 16.5% patients died and 13.6% patients developed recurrence. Twenty-two people were anemic prior to treatment, 
with a female preponderance (20 of 22). No differences in disease-free survival (P = 0.74) and overall survival (P = 0.12) 
were noted between patients with anemia and those with normal hemoglobin levels. On regression the analysis, the com-
bination of anemia, the presence of a defunctioning colostomy, lymph-node involvement and higher tumor stage corre-
lated with poor overall survival. 
Conclusion: In this study, anemia did not influence disease-free survival or overall survival. We suggest that the interac-
tion between anemia and survival is more complex than previously demonstrated and potentially reliant on other coexist-
ing factors. 
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INTRODUCTION 

Although an anal squamous cell carcinoma (SCC) is an uncom-
mon malignancy of the anal canal, its incidence has been steadily 

increasing. In 2014, 1,307 new cases were reported in the United 
Kingdom (UK) [1]. Since 1974, chemoradiotherapy has been the 
mainstay of treatment, with salvage surgery reserved for patients 
whose response to chemoradiotherapy is incomplete or who de-
velop recurrence [2].

The efficacy of chemoradiation is partially mediated by the pro-
duction of reactive oxygen species (free radicals) caused by oxy-
gen-accepting electrons within cancer cells. Free radicals can 
damage DNA, which can initiate apoptosis within target cells. The 
efficacy of radiotherapy and chemotherapy is, therefore, improved 
in well-oxygenated tissues, but reduced in anemic tissues [3, 4]. 
Bone marrow suppression and subsequent anemia are common 
side effects of chemoradiotherapy and may compound low pre-
treatment hemoglobin levels to affect response to treatment and 
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overall survival adversely [5, 6]. For that reason, the aim of this 
study was to determine the correlation between the response to 
chemoradiotherapy in patients with anal squamous cell cancer 
and their prechemoradiotherapy hemoglobin level.

METHODS

We conducted a retrospective review of all cases of anal SCC be-
tween 2009 and 2015 at 2 trusts in the UK (Plymouth Hospitals 
NHS Trust and Abertawe Bro Morgannwg University Health 
Board). Data were obtained from prospectively updated cancer 
databases and crosschecked with patient notes, blood results, and 
other laboratory results. IRB approval and informed consent were 
waived according to the institutional rule. 

All patients underwent examination under anesthesia rectum 
and radiological staging in the form of a computed tomography 
scan of the abdomen and pelvis or magnetic resonance imaging. 
Patients with inguinal lymphadenopathy additionally underwent 
an ultrasound-guided biopsy. When clinically indicated, some of 
the patients underwent a positron emission tomography scan, 
and all cases were discussed by the colorectal or anal multidisci-
plinary team. The TNM version 5 staging system developed and 
maintained by the American Joint Committee on Cancer and the 
Union for International Cancer Control was used to standardize 
staging [6].

The majority of patients received chemotherapy in the form of 
5-fluorouracil plus mitomycin. A minority of patients, instead, re-
ceived capecitabine plus mitomycin at the treating oncologist’s 
discretion. All radiotherapy was performed as per standard pro-
tocol. Laboratory reference ranges for hemoglobin were acquired, 
along with variations in the normal range due to age and gender. 
The hematology laboratories defined these as 120–155 g/L for fe-
males aged 18 and above and 130–175 g/L for their male counter-

parts. Prechemoradiotherapy hemoglobin levels were compared 
between patients who developed recurrence and those who re-
mained disease free.

Statistical analyses were performed using the StatsDirect version 
3.0 for Windows (StatsDirect Ltd., Cambridge, UK). Kaplan-
Meier survival curves were calculated and compared using the log 
rank test. The results were presented as a hazard ratio (HR) and 
the 95% confidence interval (CI). For multivariate analyses, we 
used a Cox regression model. For other comparisons between 
treatments, the Mann-Whitney test was used for continuous or 
ordered categorical data; the chi-square test was used when ap-
propriate. P = 0.05 (2-sided) was considered the limit of signifi-
cance.

RESULTS

Across the 2 trusts, 176 patients were diagnosed with anal SCC 
during the study period. Patients who were treated with local re-
section or who were deemed palliative were excluded from fur-
ther analysis. Patients were also excluded if they opted for no 
treatment. After applying the exclusion criteria, we identified 103 
patients who received chemoradiotherapy with curative intent 
and were, therefore, suitable for further analysis (Fig. 1). 

Of the 103 patients, 80 were female and 23 were male. The me-
dian age was 63 years (range, 36–84 years). The median overall 
survival was 39 months (range, 9–90 months), and the median 
disease-free survival was 36 months (range, 2–90 months). Dur-
ing the follow-up period, 16.5% (n = 17 of 103) of the patients 
died, and 13.6% (n = 14 of 103) experienced recurrence. The me-
dian time from treatment to recurrence was 16.5 months (range, 
2–22 months). The median survival time from the time of recur-
rence to death was 7 months (range, 0–36 months). Patients’ de-
mographic details are displayed in Table 1.

Table 1. Demographics and survival data of patients with squamous 
cell anal cancer undergoing curative radiotherapy

Variable Overall
Low 

hemoglobin 
(n = 22)

Normal 
hemoglobin 

(n = 85)
P-value

Age (yr) 63 (36–84) 62 (36–84) 64 (38–84) 0.87

Sex

  Male 23 (22) 4 (17) 19 (83) 0.78

  Female 80 (78) 18 (22.5) 62 (77.5)

Defunctioning colostomy 19 (18.4) 8 (42) 11 (58.0) 0.02

Overall survival (mo) 39 (9–90) 38.5 (10–87) 40 (8–90) 0.15

Disease-free survival (mo) 36 (2–90) 39 (3–87) 36 (2–90) 0.74

Death 17 (16.5) 7 (41) 10 (59) 0.04

Recurrence 14 (13.6) 4 (29) 10 (71) 0.44

Recurrence time (mo) 16.5 (2–22) 17 (3–22) 11.5 (2–45) 0.33

Values are presented as median (range) or number (%).Fig. 1. Flow chart of the study. Hb, hemoglobin.
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Twenty-two patients in this study were anemic prior to treat-
ment, with a female preponderance (18 of 22). In the anemic 
population, 5 patients experienced recurrence. No difference in 
the development of recurrence was noted between patients with 
anemia (low hemoglobin level, LHB) and those with normal he-
moglobin levels (NHB) (P = 0.74; HR, 1.23; 95% CI, 0.36–4.23). 
In addition, no difference in overall survival was noted between 
patients with LHB and those with NHB (P = 0.12) (Fig. 2).

Of the 103 patients included in the study, 18.4% (n = 19 of 103) 
had a defunctioning colostomy prior to their chemoradiotherapy 
treatment. No difference in recurrence was noted between pa-
tients with or without a defunctioning colostomy (P = 0.33; HR, 
1.79; 95% CI, 0.56–5.76). Patients with stomas had reduced over-
all survival time (P = 0.008) (Fig. 3). A trend towards shorter 

overall survival for men was noted (P = 0.056; HR, 0.39; 95% CI, 
0.11–1.3), with no difference in disease-free survival (P = 0.29; 
HR, 2.87; 95% CI, 0.74–11.19).

Amongst the patients included in the study, 10, 28, 31, and 27 
were staged as having a T1, T2, T3, and T4 tumor, respectively. 
The staging status for 7 patients was not recorded, and 4 patients 
had tumors classified as T3/T4. The distribution of anemia by 
stage of disease is detailed in Table 2. No difference in overall sur-
vival or disease-free survival was found in regard to stage of tu-
mor (P = 0.32 and P = 0.16, respectively). The presence of nodal 
disease was associated with lower overall survival (P = 0.013), but 
not reduced disease-free survival (Fig. 4). Thirteen patients had 
stage I disease, 34 stage II, 26 stage IIIA, and 29 stage IIIB. No dif-
ference in overall survival or disease-free survival was found be-
tween patients with clinical stage I/II or III tumors (P = 0.66; HR, 
1.25; 95% CI, 0.47–3.28; and P = 0.68; HR, 1.25; 95% CI, 0.43–
3.65, respectively). 

We also performed regression analyses for factors such as ane-
mia, tumor stage, lymph-node involvement, and presence of a de-
functioning colostomy. In this model, none of the individual fac-
tors statistically influenced survival; however, the simultaneous 
presence of all of them reduced overall survival (P = 0.05) (Table 3).

Table 2. Tumor staging and anemia status of patients with squamous 
cell anal cancer undergoing curative radiotherapy [6]

Stage of disease Anemic Normal hemoglobin

I 3 (14) 13 (15)

II 6 (27) 28 (33)

III 10 (45) 40 (48)

IV 3 (14) 3 (4)

Total 22 84

Values are presented as number (%).

Fig. 2. Kaplan-Mayer curve showing the percent of patients surviv-
ing at a given time (overall survival) in relation to the presence or 
absence of anemia. NHB, normal hemoglobin level; LHB, low hemo-
globin level.
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Fig. 3. Percent of patients surviving at a given time (overall survival) 
in relation to the presence or absence of a defunctioning stoma.
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Fig. 4. Percent of patients surviving at a given time (overall survival) 
in relation to the presence or absence of lymph-node involvement.
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DISCUSSION

Within the literature, the correlation between prechemoradio-
therapy treatment anemia and poor treatment outcome has been 
widely discussed for other cancers, including lung, breast, cervix, 
and hematological malignancies [7]. Oblak et al. [8] specifically 
examined the association between patients’ hemoglobin levels 
prior to commencement of chemoradiotherapy for squamous cell 
cancer of the anal canal and outcome of treatment. In that study 
of 100 patients, an hemoglobin >120 g/L was an independent 
prognostic indicator for survival, in keeping with established liter-
ature for other cancers. However, interestingly, the multivariate 
analysis in the Oblak study revealed no association between ane-
mia and disease-free survival. Our study confirms that finding of 
no association between anemia and disease-free survival, but in 
contrast to the Oblak study, we additionally found no association 
between pretreatment anemia and survival. Instead, the regres-
sion analysis demonstrated that a combination of multiple factors, 
such as anemia, the presence of a defunctioning stoma, a higher 
tumor stage and lymph-node involvement, correlated with poor 
survival post treatment. No individual factor displayed indepen-
dent significance. Such interplay of factors may suggest a more 
complex or even a cumulative mechanism conferring poorer sur-
vival on these patients. Banerjee et al. [9] explored the interaction 
of hematological parameters and subsequent response to chemo-
radiotherapy in patients with an anal SCC. They demonstrated 
significantly poorer prognosis in patients with pretreatment leu-
kocytosis, an association strengthened by coexisting anemia. This 
suggests a cumulative effect, like the one observed in our data.

The importance of treating anemia is recognized for a variety of 
solid and hematological malignancies. Iron deficiency is thought 
to be the major contributing factor to anemia in this setting [10]. 
Supplementation is advocated even in the context of normal ferri-
tin levels, when low transferrin levels still represent reduced bio-
availability of iron, despite normal reserves [11]. Whilst treatment 
with iron +/– erythropoiesis stimulating agents is correlated with 
normalizing hemoglobin levels [12], clear evidence for improved 
performance status and better treatment outcomes has not been 
demonstrated. We await the published long-term follow-up of 
these patients [13], but a lack of clear improvement in survival 
post treatment despite normalizing hemoglobin again hints at a 
more complex interplay of factors conferring poor outcome in 

patients with an anal SCC.
This study has limitations. Due to the relative rarity of anal SCCs, 

we analyzed small subpopulation groups, which can make draw-
ing clear conclusions statistically fraught. In particular, no associa-
tion between stage of disease and overall survival or recurrence of 
disease was found in this study. This is most likely due to a type-1 
error resulting from the small number of patients. Moreover, the 
recruitment of patients from only 2 tertiary referral centers means 
a risk of selection bias is possible. Additionally, we did not exam-
ine the effect of potentially confounding comorbidities.

In this study, the presence of anemia influenced neither disease-
free survival nor overall survival. This is in contrast to the find-
ings published in the current literature. Regression analysis re-
vealed poorer survival in patients with a combination of anemia, 
lymph-node involvement and defunctioning stoma. We suggest 
that the interaction between anemia and survival is more complex 
than previously demonstrated and is potentially reliant on other 
coexisting factors. This may be the reason simply reversing ane-
mia has not, to date, been shown to improve survival.
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