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Background: Reports of long term clinical outcomes for patients with squamous cell carcinoma (SCC) 
of the anal canal treated with chemotherapy and intensity modulated radiation therapy (IMRT) are limited. 
Pre-treatment hematologic variables associated with outcomes remain understudied. We sought to report the 
long-term clinical outcomes of a cohort of patients treated with definitive chemoradiation (CRT) utilizing 
helical tomotherapy (HT) IMRT at a single tertiary referral center. We further sought to examine for any 
correlations between pre-treatment hematologic parameters and progression free survival (PFS). 
Methods: Data from patients with SCC of the anal canal treated with definitive CRT using HT IMRT 
from 2005 to 2017 were collected. Pre-treatment patient characteristics examined for correlations with 
PFS included: hemoglobin (Hgb) level, age, diabetes mellitus (DM) status, smoking status, neutropenia, 
thrombocytopenia, leukopenia, neutrophil/lymphocyte ratio, neutrophil/WBC ratio, lymphocyte/WBC 
ratio, sex, transplant status, HIV status, Karnofsky performance score, T-stage, and N-stage. Pre-treatment 
Hgb levels were recorded within two weeks prior to starting CRT. Clinical outcomes, including PFS, were 
described using the Kaplan-Meier estimator. A multivariable (MVA) Cox model of PFS evaluated the impact 
of pre-treatment Hgb and diabetes while adjusting for T-stage and age. 
Results: The median patient age was 57 years old (range, 26–87) and there were 39 females (63.9%) with 
the remaining patients identifying as males. Median patient follow up was 5.8 years. The PFS was 83% at  
5 years. The median pre-treatment Hgb was 13 g/dL. On multivariable analysis (MVA), Hgb ≤10 g/dL 
(HR: 11.891, 95% CI: 2.649–53.391, P=0.001) and a diagnosis of diabetes mellitus (HR: 4.524, 95% CI: 
1.436–14.252, P=0.010) were both significantly associated with a worse PFS. These factors were independent 
of T-stage and age.
Conclusions: Long-term clinical outcomes for patients with SCC of the anal canal treated with definitive 
CRT are presented. Pre-treatment hemoglobin of ≤10 g/dL and diabetes were both independently associated 
with worse PFS on MVA. This retrospective data supports further prospective study of the impact of 
hematologic markers and medical co-morbidities such as DM and their management on clinical outcomes 
for patients with SCC of the anal canal treated with curative-intent CRT. 
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Introduction

Squamous cell carcinoma (SCC) of the anal canal is 
a relatively rare malignancy with an estimated annual 
incidence of 9,090 cases per year in the United States with 
a female predominance (6,070 cases per year) (1). The 
standard of care for curative management of non-metastatic 
SCC of the anal canal is chemoradiation (CRT) (2).  
Reports regarding long term progression free survival 
outcomes for patients with SCC of the anal canal treated 
utilizing intensity modulated radiation therapy (IMRT) and 
chemotherapy are limited. 

Well  known risk factors  for  anal  SCC include 
immunosuppression, cigarette smoking, high risk sexual 
practices, and human papilloma virus (HPV) infection (3). 
Each of these risk factors, as well as hematologic markers, 
are well known to influence the response to definitive 
CRT in multiple other malignancies. For example, the 
relationship between anemia and poor outcomes in 
cervical cancer patients treated with CRT has been widely 
reported and well established. Pre-treatment anemia in 
cervical cancer patients treated with CRT is associated 
with increased locoregional recurrence and decreased 
progression free survival (PFS) and overall survival (OS) and 
is also associated with a nearly 2-fold increase in mortality 
(4-8). Other hematologic toxicities including leukopenia 
have demonstrated a similar detrimental impact on cervical 
cancer survival (9,10). A neutrophil to lymphocyte ratio of 
greater than 4 has also been associated with a poorer PFS 
and OS in many solid tumors (11-14).

The impact of hematologic variables on anal cancer 
outcomes is not well-characterized. A low pre-treatment 
hemoglobin was shown to be an independent risk factor for 
decreased PFS and OS in two single-institution studies with 
modest median follow-up of 52 and 27 months, respectively, 
and OS alone in a third study (15-17). Similarly, anemia 
that develops during treatment has been identified as an 
independent prognostic factor for SCC of the anal canal 
outcomes (18). Other series suggest that a higher neutrophil 
to lymphocyte ratio, leukocytosis, and neutrophilia are 
associated with poorer clinical outcomes (19-22). This 
retrospective study aims to present long-term clinical 
outcomes of patients treated with definitive CRT using 

helical tomotherapy (HT) intensity modulated radiation 
therapy (IMRT). Moreover, we sought to better characterize 
the influence of pre-treatment patient characteristics and 
hematologic parameters on PFS in patients with SCC of the 
anal canal. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-21-482/rc). 

Methods

From September 2005 to June 2017, data were collected 
from patients with SCC of the anal canal who received 
CRT with curative intent at a single tertiary referral center. 
Systemic therapy consisted of 1 or 2 cycles of mitomycin- 
C (MMC) on days 1 and 29 of treatment and continuous 
infusion 5-fluorouracil (5-FU) on days 1–4 and 29 in 
addition to radiation therapy. Radiation treatment planning 
was performed in parallel to the RTOG 0529 protocol 
utilizing HTIMRT (23). This radiation technique delivers 
dose in a helical or spiral formation to help deliver high 
doses to tumors while sparing normal tissues as much as 
possible. Pre-treatment hematologic metrics were recorded 
within two weeks of the initiation of CRT and were available 
for all patients. Treatment-related anemia was classified 
according to CTCAEv4.0 utilizing Hgb nadir during CRT 
treatment and within 3 months of the completion of therapy. 
A weekly complete blood count (CBC) was obtained for 
each patient per institutional protocol, and all values were 
reviewed to determine hematologic nadirs. Following 
completion of definitive CRT, patients were seen by 
medical oncology, radiation oncology, and surgical oncology 
with interval clinical exams, anoscopy, labs and imaging 
in accordance with NCCN surveillance guidelines (2).  
Recurrence was defined as evidence of biopsy proven 
SCC of the anal canal after previous complete response to 
therapy. 

Statistical analysis

Patient and treatment related characteristics were 
summarized using descriptive statistics. PFS and OS post-
diagnosis were evaluated using the Kaplan-Meier estimator, 
with patients who were event free being censored at the 
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time of last follow-up. PFS was defined as freedom from 
death and progression of malignancy with both considered 
as events in this outcome. The prognostic value of clinical 
and hematologic variables on PFS and OS was assessed 
using univariable (UVA) Cox proportional hazards models. 

Clinical variables collected and analyzed include pre-
treatment hemoglobin level, age, diabetes mellitus (DM) 
status, smoking status, on-treatment anemia, neutropenia, 
thrombocytopenia, leukopenia, neutrophil/lymphocyte 
ratio, neutrophil/WBC ratio, lymphocyte/WBC ratio, 
sex, transplant status, HIV status, Karnofsky Performance 
Score (KPS), disease stage, prior organ transplant, and 
lymph node involvement. In addition, the number of 
treatment breaks and total number of days on break were 
included. These variables were selected and analyzed due 
to their potential impact on the development of SCC of 
the anal canal, acute and late treatment-related toxicity, 
and survival outcomes. As DM has been shown to impact 
treatment response and outcomes in other gastrointestinal 
malignancies, the relationship between DM and SCC of the 
anal canal was of particular interest (24-26). Pre-treatment 
hemoglobin and age were treated as dichotomous in the 
Cox models based upon evaluations of the function forms 
of their effects using Schoenfeld residuals, which indicated 
nonlinear effects of these variables that are better described 
using dichotomization.

A multivariable (MVA) Cox model evaluated the effects 
of pre-treatment hemoglobin level and diabetes status on 
PFS while adjusting for the known prognostic factors of 
disease stage and age. Given the sample size, it was not 
possible to fit an MVA with number of treatment breaks as 
an additional variable. The proportional hazards assumption 
was evaluated for each covariate in the Cox models. No 
violations of proportionality were found. Interactions 
between predictors were also assessed in the multivariable 
Cox model, with no significant effects found. Three 
variables had missing observations, including Karnofsky 
score, HIV status, and cell population ratios. For the former 
two, missingness was treated as a separate category to allow 
all observations to be included in the Cox models. Cell 
population ratios were treated as continuous in the models 
and missing ratios (N=6) were treated as missing completely 
at random. Statistical analyses were performed using SAS 
version 9.4 and R version 3.5.2. 

Ethical statement

The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). It was 
approved by the institutional ethics board of the Medical 
College of Wisconsin (PRO00022327) and a waiver of 
informed consent was granted based on minimal risk and 
the retrospective nature of the study. 

Results

A total of 61 patients with SCC of the anal canal were 
available for analysis. The median follow up was 5.8 years 
(range 0.5 to 14.3 years). The median age at diagnosis 
was 57 years old with a range from 26 to 87. Fourteen 
patients had diagnoses for which they were considered 
immunocompromised: 13 (21%) were HIV-positive, 
5 (8%) were past transplant recipients, and 11 (18%) 
were previously diagnosed with DM. One patient had 
inflammatory bowel disease. Within the HIV positive 
cohort (N=13), all patients were on anti-retroviral therapy 
with 12 (92%) having documented medication compliance. 
Of note, 24 patients had unknown HIV status and therefore 
are not able to be included in these statistics. CD4 counts 
and viral loads before, during, and after treatment were not 
consistently obtained or available in the medical record. 

Fifty-nine patients received MMC and 5-FU while the 
other two patients received alternative chemotherapies, 
one receiving 5-FU alone and one receiving capecitabine 
in addition to mitomycin-C. Twenty-five of the 59 (42%) 
only received one dose of MMC. All patients received 
radiation therapy per institutional protocol. The median 
pre-treatment Hgb was 13 g/dL and ranged from 8.5 to  
16.2 g/dL. Eight patients had a pre-treatment Hgb of  
≤10 g/dL Additional patient characteristics are summarized 
in Table 1.

A total of 15 patients (25%) had disease progression, 
with an average time to progression of 37.5 months from 
date of diagnosis, recorded as date of positive biopsy. The 
estimated PFS was 83% at 5 years and 64.4% at 10 years. 
A total of 11 patients (18%) died with an average time 
to death of 46.6 months from date of diagnosis; all 11 
deceased patients had disease progression prior to death. 
Estimated survival at 5 years was 87.3% and 10 years was 
70.4%. 

With regard to hematologic toxicity, fifty four (89%) 
patients experienced anemia, with 19 (31%) having  
≥ grade 3 treatment-related anemia. Complete review of 
hematologic toxicities are summarized in Table 2. The mean 
neutrophil/lymphocyte ratio was 2.8 prior to treatment and 
increased to 8.6 post-treatment. 
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Table 1 Baseline characteristics

Characteristics Total (N=61), N (%)

Sex

Female 39 (63.9%)

Male 22 (36.1%)

Age at diagnosis (years)

Mean [standard deviation (SD)] 57.8 (12.8)

Median (range) 57.1 (26.1, 87.4)

56 years or less 28 (45.9%)

Over 56 years 33 (54.1%)

Karnofsky performance score

90−100 35 (57.4%)

Less Than 90 12 (19.7%)

Unknown 14 (23.0%)

Tumor stage

T1-2 37 (60.7%)

T3-4 24 (39.3%)

Smoking history

Never smoked 21 (34.4%)

Current or former smoker 40 (65.6%)

Diabetes status

Not diabetic 50 (82.0%)

Diabetic 11 (18.0%)

Pre-treatment hemoglobin level

Hemoglobin >10.0 g/dL 53 (86.9%)

Hemoglobin ≤10.0 g/dL 8 (13.1%)

HIV status

Negative or unknown 48 (78.7%)

Positive 13 (21.3%)

Lymphocyte/white blood cell (WBC) ratio

Mean (SD) 27.4% (10.1%)

Median (Range) 26.0% (11.0%, 55.0%)

Neutrophil/WBC ratio

Mean (SD) 62.4% (11.5%)

Median (range) 64.0% (28.0%, 82.0%)

Neutrophil/lymphocyte ratio

Mean (SD) 279.5% (155.9%)

Median (range) 245.0% (50.9%, 696.8%)

Number of treatment breaks

Mean (SD) 1.4 (1.6)

Median (range) 1.0 (0.0, 8.0)

Total duration of treatment breaks (days)

Mean (SD) 4.6 (14.8)

Median (range) 1.0 (0.0, 113.0)

Pre-treatment Hgb ≤10 g/dL and ≥ grade 3 anemia 
were associated with inferior PFS on UVA [hazard ratio 
(HR): 6.925, 95% CI: 2.27–21.125, P<0.001 and HR: 
4.669, 95% CI: 1.632–13.354, P=0.004, respectively]. 
These findings can be seen in Table 3 with estimated PFS 
curves for pre-treatment hemoglobin found in Figure 1.  
In addition, KPS less than 90 (HR: 4.590, 95% CI: 1.391–
15.141, P=0.018), diabetes status (HR: 3.669, 95% CI: 
1.288–10.448, P=0.015), T3-4 tumor stage (HR: 3.488, 
95% CI: 1.212–10.040, P=0.021), and number of treatment 
breaks (HR: 1.395, 95% CI 1.047–1.857, P=0.023) led 
to inferior PFS on UVA. Other hematologic markers 
such as thrombocytopenia, leukopenia, neutropenia, and 
neutrophil/lymphocyte ratio were not statistically associated 
with an impact on PFS in these patients. Similarly, current 
or past smoking history, age, gender, transplant status, 
HIV status, and total duration of treatment breaks did not  
impact PFS. 

On MVA, pre-treatment anemia and DM status were 
associated with a significant detrimental impact on PFS 
(HR: 11.891, 95% CI: 2.649–53.391, P=0.001 and HR: 
4.524, 95% CI: 1.436–14.252, P=0.010, respectively) after 
adjustment for T-stage and age. The results of the MVA are 
summarized in Table 4. 

Pre-treatment Hgb ≤10 g/dL and ≥ grade 3 anemia 
were also associated with inferior OS on UVA (HR 6.144, 
95% CI: 1.714–22.022, P=0.005 and HR 3.484, 95% CI: 
1.040–11.672, P=0.043, respectively). See Figure 2 for 
Kaplan Meier curves. In addition, KPS <90 was associated 
with worse OS on UVA (HR 19.844, 95% CI: 3.185–123.61, 
P=0.004). See Table 5 for complete pre-treatment variable 
UVA. 

Discussion

We have presented a cohort of patients with a median follow 
up of over 5 years, treated with modern CRT, in whom we 
detailed clinical variables and their associations with PFS. 
These data demonstrate that pre-treatment anemia and a 
diagnosis of DM were both associated with inferior PFS in 
SCC of anal canal. Long term PFS appears to be impacted 
substantially by these pre-treatment metrics. Interestingly, 
other common associations with clinical outcomes, such as 
T-stage, were not significantly associated with PFS on our 
MVA. Our series confirms the impact of anemia in patients 
with anal cancer that has been previously published and is 
the first to report the association of DM with inferior long 
term PFS (18,19).
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Table 2 Summary of hematologic toxicities

Toxicity
Number of patients 

with any grade
Percentage of patients 

with any grade
Number of patients with  

≥ grade 3
Percentage of patients with  

≥ grade 3

Treatment-related anemia 54 88.5% 19 31%

Febrile neutropenia 14 23% 14 23%

Leukopenia 54 89% 44 72%

Thrombocytopenia 49 80% 14 23%

Neutropenia 52 85% 41 67%

Table 3 Univariate Cox regression models of PFS

Variable N Hazard ratio 95% CI P value1

Pre-treatment hemoglobin level <0.001

Hemoglobin ≥10.0 g/dL 53 1.000 –

Hemoglobin <10.0 g/dL 8 6.925 (2.270, 21.125)

Age 0.113

56 years or less 28 1.000 –

Over 56 years 33 2.406 (0.811, 7.135)

Sex 0.316

Female 39 1.000 –

Male 22 1.682 (0.609, 4.643)

Karnofsky performance score 0.018 (2 df)

90–100 35 1.000 –

Less than 90 12 4.590 (1.391, 15.141)

Unknown 14 0.677 (0.155, 2.952)

Smoking history 0.305

Never smoked 21 1.000 –

Current or former smoker 40 1.826 (0.578, 5.772)

Diabetes status 0.015

Not diabetic 50 1.000 –

Diabetic 11 3.669 (1.288, 10.448)

Disease stage 0.021

T1-2 37 1.000 –

T3-4 24 3.488 (1.212, 10.040)

HIV status 0.359

Negative or unknown 48 1.000 –

Positive 13 0.498 (0.112, 2.209)

Table 3 (continued)
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Table 3 (continued)

Variable N Hazard ratio 95% CI P value1

Prior organ transplant 0.827

None 56 1.000 –

Kidney 5 0.797 (0.104, 6.100)

Lymph node status 0.791

No positive nodes 34 1.000 –

Positive Node(s) 27 1.147 (0.416, 3.164)

Tumor stage 0.067

T1 9 1.000 –

T2 28 1.758 (0.205, 15.088)

T3 or T4 24 5.437 (0.682, 43.373)

Nodal stage 0.220

N0 or N1 37 1.000 –

N2 11 0.851 (0.181, 4.013)

N3 13 2.516 (0.816, 7.761)

Pre-treatment lymphocyte/WBC ratio (%) 55 1.001 (0.953, 1.052) 0.957

Pre-treatment neutrophil/WBC ratio (%) 55 0.987 (0.945, 1.029) 0.532

Pre-treatment neutrophil/lymphocyte ratio (%) 55 0.950 (0.670, 1.347) 0.774

Total treatment breaks 61 1.395 (1.047, 1.857) 0.023

Total duration in treatment breaks, measured as log(1+days)2 61 1.297 (0.803, 2.094) 0.288
1, P value obtained from Wald test of covariate effect estimate(s) in Cox model; 2, log(1+x) transformation used to remove skewness and 
produce good model fit. PFS, progression-free survival.

Figure 1 Estimated PFS curves by pre-treatment hemoglobin 
level stratified by less than or equal to (green) or greater than 
(orange) 10 for 10 years following completion of treatment. PFS, 
progression-free survival.
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y Given the poorer response to CRT and worse PFS 
and OS for patients caused by anemia in cervical cancer, 
hemoglobin is often corrected before beginning CRT in 
this setting (4-8,27,28). Evidence supporting the benefit of 
anemia correction in cervical cancer is conflicting (29,30). 
The impact of anemia on outcomes is postulated to be 
secondary to poor oxygenation and resultant tissue hypoxia, 
creating a tumor microenvironment that is less sensitive to 
radiation (31-33). When hypoxic tumor cells are treated 
with ionizing radiation, fewer free radicals are generated, 
causing less tumor cell DNA damage. Hypoxic cells are 
three times more resistant to radiation than non-hypoxic 
cells (34,35). Therefore, anemia may dampen the effects 
of chemoradiation. The detrimental impacts of hypoxia on 
CRT efficacy have also been demonstrated in head and neck 
and bladder cancers (36,37). The impact of tumor hypoxia 
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and SCC of the anal canal on treatment outcomes is not 
well-reported. 

To our knowledge, the association between pre-treatment 
DM and PFS is novel. The presence of DM is well known to 
impact micro-vascular supply and consequently also influences 
tumor oxygenation in the microenvironment, aligning with 
similar etiologies as anemia. Interestingly, this association has 
also been in seen in patients with rectal adenocarcinoma, but 
the mechanism is not entirely clear (24,25).

It is important to consider that anemia is a manifestation 
of chronic diseases and serves as a marker of overall worse 
performance status and increased mortality (38,39). In our 
analysis, both diabetes and anemia were associated with inferior 
PFS, an effect that remained robustly significant on MVA.

Other hematologic disturbances were evaluated in 
our analysis, including the neutrophil/lymphocyte ratio, 
which was recorded before and after treatment. When 
the body experiences physiologic stress, such as cancer or 
cancer-related treatment, the neutrophil/lymphocyte ratio 
may increase. This can serve as a marker for increased 
physiological stress and potentially corresponds to inferior 
cancer outcomes (40). Clinical data regarding neutrophil/
lymphocyte ratio and outcomes has been variable especially 
when considering cancer type and age (11,40). Our 
results did not find a correlation between the neutrophil/
lymphocyte ratio and cancer-related outcomes, which has 
not been previously reported for anal cancer.

This study has several limitations that are important to 
consider. First, this is a retrospective study that presents data 
from a single institution, and the sample size is small. With 
this sample size, there a limitation to the statistical power 
within certain tumor-stage related groups including T and 
N stage. This study design has inherent limitations such 
as selection bias and ascertainment bias and only includes 
patients who were candidates for and received CRT. In light 
of the limited sample size, it is difficult to characterize with 

Figure 2 Estimated OS curves by pre-treatment hemoglobin level 
stratified by less than or equal to (green) or greater than (orange) 
10 for 10 years following completion of treatment. OS, overall 
survival.
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Table 4 Multivariable Cox regression model of PFS

Variable N Hazard ratio 95% CI P value1

Pre-treatment hemoglobin level 0.001

Hemoglobin ≥10.0 g/dL 53 1.000 –

Hemoglobin <10.0 g/dL 8 11.891 (2.649, 53.391)

Diabetes status 0.010

Not diabetic 50 1.000 –

Diabetic 11 4.524 (1.436, 14.252)

Tumor stage 0.590

T1-2 37 1.000 –

T3-4 24 1.410 (0.404, 4.913)

Age 0.056

56 years or less 28 1.000 –

Over 56 years 33 3.352 (0.969, 11.596)
1, P value obtained from Wald test of covariate effect estimate(s) in Cox model. PFS, progression-free survival.
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Table 5 Univariate Cox regression models of OS by baseline variables

Variable N Hazard ratio 95% CI P value

Pre-treatment hemoglobin level 0.005

Hemoglobin >10.0 g/dL 53 1.000 –

Hemoglobin ≤10.0 g/dL 8 6.144 (1.714, 22.022)

Age 0.252

56 years or less 28 1.000 –

Over 56 years 33 2.077 (0.595, 7.249)

Sex 0.155

Female 39 1.000 –

Male 22 2.369 (0.721, 7.788)

Karnofsky performance score 0.004 (2 df)

90–100 35 1.000 –

Less than 90 12 19.844 (3.185, 123.61)

Unknown 14 1.800 (0.271, 11.969)

Smoking history 0.157

Never smoked 21 1.000 –

Current or Former Smoker 40 3.042 (0.653, 14.177)

Diabetes status 0.074

Not diabetic 50 1.000 –

Diabetic 11 3.099 (0.896, 10.720)

Tumor stage 0.105

T1-2 37 1.000 –

T3-4 24 2.738 (0.810, 9.261)

HIV status 0.719

Negative or unknown 48 1.000 –

Positive 13 0.754 (0.162, 3.502)

Prior organ transplant 0.824

None 56 1.000 –

Kidney 5 1.265 (0.160, 10.020)

Lymph node status 0.913

No positive nodes 34 1.000 –

Positive Node(s) 27 1.068 (0.326, 3.501)

Prior cancer surgery 0.363

Yes 13 1.780 (0.513, 6.176)

No 48 1.000 –

Table 5 (continued)
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Table 5 (continued)

Variable N Hazard ratio 95% CI P value

T stage 0.264

T1 9 1.000 –

T2 28 1.392 (0.155, 12.510)

T3 or T4 24 3.531 (0.419, 29.753)

N stage 0.222

N0 or N1 37 1.000 –

N2 11 0.577 (0.069, 4.794)

N3 13 2.637 (0.736, 9.441)

Lymphocyte/WBC ratio (%) 55 1.011 (0.955, 1.070) 0.710

Neutrophil/WBC ratio (%) 55 0.981 (0.933, 1.031) 0.444

Neutrophil/lymphocyte ratio (%) 55 0.929 (0.606, 1.424) 0.736
1, P value obtained from Wald test of covariate effect estimate(s) in Cox model. OS, overall survival.

certainty the relationship between cancer diagnosis, anemia, 
co-morbidities, and outcomes. This sample size also limited 
the ability to add additional variables to the MVA model, 
impacting the analysis of number of treatment breaks in this 
cohort. These findings should therefore be considered as 
hypothesis generating.

There are several strengths of this study that warrant 
careful consideration. First, is the median follow-up of 
70 months. In reviewing the literature for institutional 
experiences treating anal cancer with CRT using IMRT, 
median follow-up is generally significantly more limited. 
With an estimated PFS of 83% at 5 years, this study 
provides long-term data on the risk of progression with the 
current standard of care treatment techniques. A recently 
published single institution series reported a limited median 
follow up of 7.5 months with 75% remaining disease free at 
that time (41). A similar study was published with a median 
follow-up of 26 months and a disease free survival of  
86% (42). The longest located study had a median follow-
up of 70 months with a DFS of 68% (43). Our study adds to 
the limited body of literature in this respect with long-term 
PFS outcomes in anal canal patients treated with IMRT. A 
second strength that should be carefully considered in this 
study is the quality of the clinical characteristics, specifically 
the hematologic characteristics. These types of metrics are 
somewhat rare in large prospective trials and have been 
underexplored with regard to their impact on oncologic 
specific endpoints, such as PFS. There is also novel 

literature exploring the biomolecular targets to further 
improve PFS and OS in SCC of the anal canal patients (44).

This study explored a variety of clinical features and 
found that anemia and DM led to decreased PFS in anal 
canal patients. Future studies should evaluate the impact 
of anemia and DM on outcomes in larger cohorts, seek 
to better understand the impact of DM on the tumor 
microenvironment, and investigate more aggressive anemia 
management in the setting of SCC of the anal canal. 
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