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Abstract
Background: Anal squamous cell carcinoma (SCC) generally carries a favorable prognosis, as most tumors are highly
sensitive to standard of care chemoradiation. However, outcomes are poor for the 20–30% of patients who are refrac‑
tory to this approach, and many will require additional invasive procedures with no guarantee of disease resolution.
Methods: To identify the patients who are unlikely to respond to the current standard of care chemoradiation proto‑
col, we explored a variety of objective clinical findings as a potential predictor of treatment failure and/or mortality in
a single center retrospective study of 42 patients with anal SCC.
Results: Patients with an increase in total peripheral white blood cells (WBC) and/or neutrophils (ANC) had compara‑
tively poor clinical outcomes, with increased rates of death and treatment failure, respectively. Using pre-treatment
biopsies from 27 patients, tumors with an inflamed, neutrophil dominant stroma also had poor therapeutic responses,
as well as reduced overall and disease-specific survival. Following chemoradiation, we observed uniform reductions
in nearly all peripheral blood leukocyte subtypes, and no association between peripheral white blood cells and/or
neutrophils and clinical outcomes. Additionally, post-treatment biopsies were available from 13 patients. In post-treat‑
ment specimens, patients with an inflamed tumor stroma now demonstrated improved overall and disease-specific
survival, particularly those with robust T-cell infiltration.
Conclusions: Combined, these results suggest that routinely performed leukocyte subtyping may have utility in risk
stratifying patients for treatment failure in anal SCC. Specifically, pre-treatment patients with a high WBC, ANC, and/or
a neutrophil-dense tumor stroma may be less likely to achieve complete response using the standard of care chemo‑
radiation regimen, and may benefit from the addition of a subsequent line of therapy.
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Introduction
Anal squamous cell carcinomas (SCC) are HPV-associated cancers most frequently affecting the immunocompromised [1]. Though rare, the incidence of anal SCC
has been steadily increasing in recent years, particularly among select populations including women, persons living with HIV, and transplant patients [2]. Locally
advanced anal SCC carries a favorable prognosis largely
due to the advent of the Nigro protocol, a multimodal
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therapy regimen combining external beam radiation, 5-fluorouracil (5-FU), and mitomycin-C [3]. This
approach has been the standard of care for anal SCC for
decades, with a majority of patients achieving complete
responses [4]. However, for the 20–30% of patients who
fail to achieve complete responses with first-line therapy,
prognosis is particularly poor [5], and without additional
intervention, patients with persistent disease carry a
2-year survival rate of 28% and a 5-year survival rate of
0% [6].
For persistent or recurrent disease, abdominoperineal
resection (APR) is generally indicated as salvage treatment, with inguinal lymph node dissection if indicated.
However, APR is a highly invasive procedure, associated
with a high rate of wound complications, as well as sexual
and urinary dysfunction [6, 7]. While this can achieve
disease control for some patients, others will continue
to experience disease progression and prognosis is variable [6, 8]. For patients with inoperable disease, there is
currently no consensus treatment approach. Most will
be treated with subsequent-line chemotherapy, though
median survival remains a dismal 12 months [1, 9].
Hence, there is an urgent need to identify the patients
unlikely to achieve satisfactory disease control using the
current standard of care in hopes of providing a more
effective first-line therapy, thereby limiting the need for
invasive or poorly effective treatments and improving
long-term survivability.
Though HPV-status has been shown to predict clinical
outcomes, HPV infections are ubiquitous in anal SCC,
affecting as many as 90% of patients [10–13]. Hence,
while HPV-positive patients have an improved prognosis,
HPV status has limited utility as a prognostic biomarker.
Recent evidence suggests that alterations in peripheral
blood biomarkers may have utility in predicting diseaserelated mortality [14]. Specifically, lower hemoglobin and
elevated peripheral white blood cells have been associated with poor survival [14]. Other studies have arrived
at similar conclusions, suggesting that patients with pretreatment leukocytosis and/or neutrophilia may also
have poor outcomes [15–18]. We therefore evaluated
a cohort of 42 patients with previously untreated, nonmetastatic anal SCC and related alterations in peripheral as well as tumor-infiltrating leukocyte subtypes to
primary therapy success and overall survival. Using this
approach, we found that patients with a relative increase
in total peripheral white blood cells and/or absolute neutrophil count had comparatively poor clinical outcomes,
with increased rates of death and treatment failure,
respectively.
Additionally, using pre-treatment tissue biopsies,
we determined that patients with an inflamed tumor
stroma also had poor clinical outcomes irrespective of

Page 2 of 15

HPV status, particularly patients with an increase in
tumor-infiltrating neutrophils. After completing first-line
chemoradiation, we observed a ubiquitous decrease in all
peripheral leukocyte subtypes, though none had a significant relationship with therapy response or survival. In
post-treatment biopsies, patients with an inflamed tumor
stroma had improved clinical outcomes, particularly
those with a high degree of T-cell infiltration. Hence, the
assessment of pre- and post-treatment peripheral and/or
tumor-infiltrating leukocyte subtypes warrants continued investigation as a prognostic biomarker in patients
undergoing first-line chemoradiation for anal SCC.

Materials & methods
Patients, follow‑up, and sample collection

Banked anal SCC tissues were provided by the University
of Illinois Health Biorepository. All tissues were collected
from patients over 18 years of age with anal SCC, who
were invited to participate when seen at the University
of Illinois Hospital (UIC), and for each, fully informed,
written consent was obtained in accordance with local
IRB guidelines. Patients were initially evaluated during
an outpatient consult, including a clinical examination of
their tumor and collection of basic demographic information. At this point, biopsies were obtained and sent
to pathology for definitive diagnosis. Remaining tissues
were banked as described, and used for all subsequent
analyses in this study in a retrospective manner. Patients
received the current standard of care chemoradiation
regimen consisting of 5-FU administered on days 1–4 and
29–32, mitomycin-C on days 1 and 29, and a total dose of
45 to 50.4 Gy radiation delivered in approximately 25 sessions over 5–6 weeks. Adjustments were made as needed
on a case-by-case basis in accordance with the National
Comprehensive Cancer Network (NCCN) guidelines.
Blood was collected prior to the first dose of chemotherapy or radiation, and complete blood counts (CBC) with
differential conducted by the University of Illinois Hospital clinical laboratory staff using Beckman Coulter hematology analyzers. On the last day of treatment, blood was
again collected for the post-treatment CBC with differential. Following the last day of treatment, for patients with
residual disease, post-treatment biopsies were obtained if
clinically indicated and analyzed as described.
To determine the primary therapy outcome, if patients
achieved clinical remission during or after completing treatment, and had no evidence of recurrence during the follow-up period, they were classified as having
responded to chemoradiation. However, if patients either
had (1) persistent disease following therapy that did not
regress or (2) clinical recurrence at any point during the
follow up period after initially showing no evidence of
disease, they were classified as non-responders.
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Patients were excluded if they had received a prior line
of therapy, were previously enrolled in a different study,
or lost to follow-up.

residuals. Results were arranged by the Tukey method.
Time-to-event survival data was evaluated via the
Kaplan–Meier method [21, 22]. Data were considered
significant at p < 0.05 unless otherwise noted.

Histology and immunohistochemistry

Study approval

Tissues were fixed in 10% formalin, paraffin-embedded,
and sections at 4 mm interval were cut from each tissue,
and stained with hematoxylin and eosin (H&E) or via
immunohistochemistry (IHC). For immunohistochemistry, slides were deparaffinized by xylenes and rehydrated
by ethanol gradient, then heated in a pressure cooker
using DAKO retrieval buffer (DAKO, Santa Clara, CA).
Endogenous peroxidases were quenched in 3% hydrogen
peroxide in methanol for 30 min. Tissues were blocked
with 0.5% BSA in PBS for 30 min and incubated with
primary antibodies against: P16, CD45, CD3, CD68, or
Neutrophil Elastase (abcam, Cambridge, MA) 1:100–
1:200 overnight at 4 °C. Slides were developed using
HRP-conjugated secondary antibodies followed by DAB
substrate/buffer (DAKO, Santa Clara, CA).

This study was conducted following local IRB approval
from the University of Illinois at Chicago. Patient specimens were obtained from fully consenting patients in a
de-identified manner from the tissue bio-repository at
the University of Illinois at Chicago following local IRB
approval.

Tissue slide counts, scores, and measurements

Results

Exclusion criteria

All counts were performed as described previously [19,
20]. In brief, tissues were quantified by a minimum of
three blinded investigators and each value displayed
includes the average of a minimum of three high power
fields per specimen. All counts from each investigator
were averaged and value distributions were visualized
via Minitab express software, showing the median value
as a solid line as well as all individual values.
Microscopy

All images were acquired using a Nikon 40x-400 × EpiFluorescent Inverted Microscope with Phase Contrast
Kit and Nikon brightfield camera attachment. Negative
slides were used for white balance, and for all images
no analog or digital gain was used. LUTs were used to
reduce background based on negative control slides.
These LUT values and exposure times were standardized and used for all other similarly stained slides.
Authentication of key resources

All antibodies are commercially available and validated
by the manufacturer for the specific applications used
in this study.
Statistical analysis

Data were analyzed by either student’s T test or
ANOVA fit to a general linear model in Minitab
express, the validity of which was tested by adherence
to the normality assumption and the fitted plot of the

Patient and public involvement statement

Beyond offering informed, written consent to collect tissues for research purposes as described above, neither
our patients nor the public were involved in this study.
Guide statement

All methods were carried out in accordance with relevant
guidelines and regulations.
Increased peripheral blood leukocytes or circulating
neutrophils predict poor outcomes in anal SCC patients

To identify potential predictors of treatment failure and/
or mortality, we evaluated a total of 42 patients with
non-metastatic anal SCC (Tables S1 and S2). Of these
patients, 61.9% were male and 38.1% female (Figure S1A).
Additionally, 57.1% identified as black/African American,
31% identified as white/Caucasian, and the remaining
11.9% as a different racial group, either Hispanic or Asian
American (Figure S1A). Half of patients had a history of
HIV infection (Figure S1A), and 81% were able to achieve
complete responses with the standard of care chemoradiation protocol, with the remaining 19% showing persistent disease (Figure S1B). At the end of the follow-up
period, we observed an overall survival of 66.7% (Figure
S1C), and following the exclusion of 5 patients who died
of causes other than anal SCC, a disease specific survival
rate of 75.7% (Figure S1D). Additionally, 76.4% of patients
with complete responses were alive at the study endpoint
compared to only 25% of patients who demonstrated
persistent disease (Figure S1E). This corresponded to a
disease-specific survival rate of 86.7% in patients showing complete responses to first-line chemoradiation, and
a disease-specific survival rate of 28.6% for patients with
persistent disease (Figure S1F).
HIV status had no bearing on primary therapy outcome
(Figure S1G), though black/African American patients
had poorer response rates than all other groups, with
29.2% failing to achieve complete responses compared
to 0% in white/Caucasian patients and 0% in 5 patients
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belonging to other racial groups (Figure S1H). Patients
positive for HIV had a comparative increase in all cause
mortality (Figure S1I), as did black/African American
patients, who had an overall survival rate of 54.2% compared to 84.6% for white/Caucasian patients and 80% for
patients belonging to other racial groups (Figure S1J). We
observed similar results with disease-specific survival,
with slightly worse outcomes for patients with HIV (Figure S1K), as well as for black/African American patients
(Figure S1L). Natal sex had no bearing on clinical outcomes (Figure S2), nor did tumor stage (Figure S3). Additional factors including age and smoking status were also
not significantly associated with outcome.
To explore the potential prognostic utility of routinely
performed peripheral blood leukocyte subtypes, we next
evaluated pre-treatment complete blood counts (CBC)
with differential taken before treatment was initiated and
related these data to both primary therapy outcome and
overall survival status. We found that patients who either
failed to respond to therapy or died within the follow-up
period had a significant increase in the number of total
circulating white blood cells (WBCs), though there was
no significant difference in WBCs between patients of
differing sex, race, HIV status, or disease stage (Fig. 1A
and S4A). We observed similar results using absolute neutrophil counts (ANC), with a more significant
increase in the ANC of patients who failed to respond
to first-line chemoradiation, and a more modest though
still significant increase in the ANC of patients who died
during follow-up (Fig. 1B). Again, there was no significant difference between the ANC of patients of differing
sex, race, HIV status, or disease stage (Fig. 1B and S4B).
We also evaluated alterations in peripheral lymphocytes,
CD4 + T-cells for patients with HIV, as well as circulating
monocytes, eosinophils, and basophils, none of which
were predictive for therapy response, overall, or diseasespecific survival (Fig. 1C-F and S4C).
Patients with a peripheral WBC count of ≥ 8 or an ANC ≥ 5
have poor therapy response rates and reduced survival

To relate the above findings to a clinically useful means
of risk stratifying patients for poor clinical outcomes,
we created cut off values for WBC (≥ 8) and ANC (≥ 5)
using the median values rounded up to the nearest whole
number, and evaluated clinical outcomes for patients
above or below these thresholds (both shown as × 1,000/
uL). Using this approach, we determined that patients
with a WBC of < 8 had a treatment failure rate of 9.5%
compared to 35.3% for patients with a WBC count of ≥ 8
(Fig. 2A). WBC was a highly accurate predictor of overall
survival, with patients having a WBC count of < 8 having an overall survival rate of 81% compared to 41.2% for
patients with a WBC count of ≥ 8 (Fig. 2B). This was also
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observed using disease specific survival, as patients having a WBC count of < 8 having 94.4% disease specific survival compared to 46.7% for patients with a WBC count
of ≥ 8 (Fig. 2C). We conducted a similar analysis using
pre-treatment ANC values, and a cut off value of ≥ 5.
We found that patients with an ANC of < 5 had a treatment failure rate of 4.8% compared to 41.2% for patients
with an ANC of ≥ 5 (Fig. 2D). This corresponded to a
relative increase in mortality, with an overall survival rate
of 71.4% for patients with an ANC of < 5, and 47.1% for
patients with an ANC of ≥ 5 (Fig. 2E), and disease specific
survival rates of 83.3% and 60%, respectively (Fig. 2F).
We next evaluated the utility of this approach at predicting overall survival (starting at the time treatment
was initiated) using the Kaplan–Meier method. While
there was no statistically significant relationship between
sex, race, or HIV status and survival (Figure S5A-F),
patients who demonstrated complete responses had far
better overall survival than those who experienced persistent disease (Fig. 2G). Stratifying patients by total
peripheral WBCs produced a similar curve, as patients
having a WBC count of < 8 showed a highly significant
survival advantage compared to those with a WBC count
of ≥ 8 (Fig. 2H), though this was not observed using an
ANC cut off of value of ≥ 5 (Figure S5G). We observed
similar results regarding disease-specific survival, which
was closely related to having a therapy response and
WBC count, though there was no statistically significant
relationship between disease-specific survival and ANC
(Fig. 2I,J and S5H).
Pre‑treatment anal SCC tumors with an inflamed,
neutrophil‑dominant stroma are associated with poor
therapeutic responses and reduced overall survival

Of our 42 patients, pre-treatment biopsies were available
from 27. Using these tissue specimens, we next evaluated alterations in tumor-infiltrating leukocyte subtypes
and related them to clinical outcomes. As HPV status has been shown to predict for therapy response, we
first determined the HPV status of our patients using
p16INK4a (P16) overexpression as a surrogate marker
of HPV infection (Fig. 3A). Using this approach, 21/27
(77.8%) patients demonstrated P16 overexpression
(Fig. 3B), and P16-overexpressing patients had improved
therapy response rates as well as a modest improvement in disease specific survival (Fig. 3C and S6A). We
subsequently evaluated the degree of leukocyte infiltration within the tumor stroma by H&E staining, which
was confirmed by immunohistochemical staining for the
pan-leukocyte antigen CD45. Though nearly all patients
had some degree of leukocyte infiltration, 17/27 patients
(63%) had a stroma comprised of ≥ 40% leukocytes, and
were categorized as having an inflamed tumor stroma
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Fig. 1 Increased peripheral blood leukocytes or circulating neutrophils predict poor outcomes in anal SCC patients. Peripheral blood specimens
were collected from 42 chemo-naïve patients with anal SCC and subjected to routine complete blood count (CBC) with differential. Using
these data, the number of (A) total white blood cells (WBCs), (B) absolute neutrophil count (ANC), (C) lymphocytes, (D) CD4 + T-cells for the 21
HIV + patients, (E) monocytes, and (F) eosinophils were related to clinical outcomes in the form of primary therapy outcome, overall survival (OS),
and disease-specific survival (DSS). Data are presented as an individual value plot and considered significant at p < 0.05

(See figure on next page.)
Fig. 2 Patients with a peripheral WBC count of ≤ 8 or an ANC ≤ 5 have poor therapy response rates and reduced survival. Peripheral blood
specimens were collected from 42 chemo-naïve patients with anal SCC, and subjected to routine complete blood count (CBC) with differential.
Patients were separated into two groups: those with a total peripheral white blood cell (WBC) count of < 8, and those with a WBC count of ≥ 8.
These groups were compared for (A) primary therapy outcome, (B) overall survival (OS), and (C) disease-specific survival. Also using results of the
CBC with differential, patients were evaluated for absolute neutrophil count (ANC), and arranged as having an ANC of < 5 or an ANC of ≥ 5. These
groups were similarly evaluated for (D) primary therapy outcome, (E) overall survival (OS), and (F) disease-specific survival. (G,H) Kaplan–Meier curve
indicating months of overall survival for patients arranged by primary therapy response or WBC count of above or below 8. (I,J) Kaplan–Meier curve
indicating months of disease-specific survival for patients arranged by primary therapy response or a WBC count of above or below 8
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(Fig. 3D,E). These patients had a higher rate of treatment
failure compared to those with an uninflamed stroma
(Fig. 3F), with worse overall and disease specific survival
(Figure S6B).
We next examined alterations in tumor-infiltrating
leukocyte subtypes, specifically CD3-positive T-cells,
CD68-positive macrophages, and neutrophils (neutrophil
elastase-positive cells) (Fig. 3G). Fourteen of 27 (51.9%)
tumor specimens had a CD3 + T-cell infiltrate composing ≥ 20% of the tumor stroma and were categorized as
being T-cell high, and the remaining 13/27 (48.1%) were
categorized as T-cell low (Fig. 3H). Though T-cell high
patients had a modest increase in treatment failure compared to T-cell low patients (Fig. 3I), there was no statistically significant difference in overall or disease-specific
survival rates (Figure S6C). The 15/27 (55.6%) patients
with macrophage high tumors had a modest increase in
the rate of treatment failure (Fig. 3J,K), as well as worse
overall survival and disease specific survival rates (Figure S6D). Thirteen of 27 patients (48.1%) were neutrophil high, and the remaining 14/27 (51.9%) neutrophil
low (Fig. 3L). Patients with neutrophil high tumors
had a highly significant decrease in primary treatment
responses, with a 46.1% failure rate compared to 7.1% for
neutrophil low tumors (Fig. 3M). This corresponded to
a significant decrease in overall survival rate (33.3% for
neutrophil high tumors compared to 92.5% for neutrophil low tumors), with similar results using disease specific survival (Fig. 3N and S6E).
Increased tumor‑infiltrating neutrophils predict for poor
overall and disease specific survival in chemo‑naïve anal
SCC patients

Using these data, we next evaluated the relationship
between the pre-treatment immune microenvironment
and months of patient survival by the Kaplan–Meier
method. We found no statistically significant difference in months of overall or disease specific survival for
patients with an inflamed versus uninflamed stroma
(Fig. 4A,B), with similar results for patients with T-cell
low or T-cell high tumors (Fig. 4C,D). While patients
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with high tumor-infiltrating macrophages had worse
overall survival, this was near the threshold for statistical significance and the relationship to disease specific
survival was not significant (Fig. 4E,F). However, patients
with high tissue-infiltrating neutrophils had significantly
worse overall and disease specific survival compared to
those with limited neutrophil involvement (Fig. 4G,H).
Patients with high neutrophil infiltration demonstrated
a median overall survival of 60.5 months and a median
disease specific survival of 132.5 months compared to
200 months of overall and disease specific survival for
patients with low neutrophil infiltration (Fig. 4G,H).
Following chemoradiation, anal SCC tumors
with an inflamed, T‑cell‑dominant stroma are associated
with improved therapeutic responses and better overall
survival

Given the well-documented effects of chemotherapy on
immune function [23], we subsequently explored posttreatment leukocyte counts and their relationship to
clinical outcomes. Following completion of standard of
care chemoradiation, we observed a highly significant
decrease in peripheral WBCs, also reflected by posttreatment ANC, lymphocytes, and CD4 + T-cells for HIV
patients (Figure S7A). We then related these post-treatment values to clinical outcomes, and unlike pre-treatment values, found that neither post-treatment WBCs
nor ANC had any relationship to primary therapy outcome, with similar results observed for all other leukocyte subtypes (Figure S7B). We observed similar results
with respect to vital status, with no observable relationship between any leukocyte quantification and overall or
disease-specific survival (Figure S7C,D).
Of the initial 42 patients, post-treatment biopsies were
available from 13. We next assessed the composition of
the immune microenvironment as previously described,
staining tumor specimens either with H&E, or by immunohistochemistry for the pan-leukocyte antigen CD45,
T-cell marker CD3, macrophage marker CD68, or neutrophil elastase (Fig. 5A,B). By the previous criteria,
9/13 (69.2%) patients had an inflamed tumor stroma,

(See figure on next page.)
Fig. 3 Pre-treatment anal SCC tumors with an inflamed, neutrophil-dominant stroma are associated with poor therapeutic responses and reduced
overall survival. (A) Excisional biopsies from 27 chemo-naïve anal SCC patients were sectioned and stained via immunohistochemistry for the HPV
surrogate marker p16INK4a (P16), and representative images shown for P16-overexpressing and P16 non-overexpressing tumors. (B) The percent of
tissue specimens with and without P16 overexpression. (C) Patients were separated as being P16-overexpressing (P16 +) or P16 non-overexpressing
(P16-) and primary therapy outcome shown as a pie chart. (D-F) Tissues were stained with H&E or via immunohistochemistry for the pan-leukocyte
antigen CD45. Tumors comprised of ≤ 40% leukocytes categorized as having an inflamed stroma, which was then related to primary therapy
outcome. (G) Tumor sections were stained for CD3-positive T-cells, CD68-positive macrophages, and neutrophils (neutrophil elastase-positive cells).
Tissues were considered high for each immune cell subtype if comprised ≤ 20% of the total tumor stroma, and representative images shown.
(H,I) The percent of patients with T-cell high and T-cell low tumors, as well as therapy responses for each group. (J,K) The percent of patients with
macrophage high and macrophage low tumors, as well as therapy responses for each group. (L) The percent of patients with neutrophil high and
neutrophil low tumors, which was then related to (M) primary therapy outcome and (N) overall survival
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8/13 (61.5%) were classified as T-cell high, 11/13 (84.6%)
as macrophage high, and 7/13 (53.8%) neutrophil high
(Fig. 5C). Contrasting our results using pre-treatment
specimens, patients with an inflamed tumor stroma had
improved clinical outcomes, with an overall survival rate
of 78.6% compared to 0% for the patients with an uninflamed stroma (Fig. 5D). We observed similar results for
patients with T-cell high tumors, where overall survival
was 75% compared to 0% for T-cell low patients (Fig. 5E).
As nearly all patients were macrophage high, there was
no significant relationship between macrophage infiltration and survival. However, also contradicting our pretreatment observations, tumor-infiltrating neutrophils
had no significant relationship to overall survival, with
an overall survival rate of 40% for neutrophil low tumors
and 57.1% for neutrophil high tumors (Fig. 5F).
Increased post‑treatment tumor‑infiltrating lymphocytes
are associated with improved overall and disease‑specific
survival in anal SCC

We finally evaluated alterations in the post-treatment
immune microenvironment and survival by the Kaplan–
Meier method. Contrasting our observations using
pre-treatment specimens, patients with an inflamed
tumor stroma had a significant advantage in both overall and disease-specific survival (Fig. 6A,B). This was
also observed for patients with a high T-cell infiltrate,
who demonstrated significantly improved overall and
disease-specific survival compared to those with a low
T-cell infiltrate (Fig. 6C,D). As macrophages were ubiquitous to the post-treatment tumor microenvironment,
there was no relationship between macrophage infiltration and survival (data not shown). Additionally, unlike
our observations in pre-treatment specimens, there was
no significant relationship between post-treatment neutrophil infiltration and overall or disease-specific survival
(Fig. 6E,F).

Discussion
Though clinical outcomes for anal SCC have improved
significantly since the advent of the current standard
of care chemoradiation regimen, survival is poor for
patients who fail to show complete responses to first-line
treatment [6]. At the present time, there is no clinically
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useful means to risk stratify patients for treatment failure. While T and N stages have been suggested to predict
for poor clinical outcomes, data supporting their predictive value for treatment failure is limited [24, 25]. Similarly, though HPV-negative tumors tend to have worse
outcomes and poorer therapeutic response rates than
HPV-positive tumors, 90% of anal SCCs are HPV-positive, significantly limiting the utility of HPV as a predictive biomarker [26]. Hence, most intent-to-treat patients
are treated similarly and without the use of any clinical or
molecular biomarker.
To offer potential insight into patients unlikely to demonstrate complete therapeutic responses to the current
standard of care, we documented a variety of objective
clinical findings in a single center cohort of 42 patients
with anal SCC and retrospectively related these to primary treatment outcome as well as overall and diseasespecific survival. Consistent with previous reports [14],
patients with a pre-treatment WBC count of ≥ 8 had particularly poor overall survival. However, we also determined that these patients have a comparative increase in
the risk of treatment failure, as do those with an increased
ANC. This was reflected in pre-treatment biopsies, where
tumors with an inflamed, neutrophil dominant stroma
also had extremely poor therapeutic responses, as well as
reduced overall and disease specific survival.
Though these findings are interesting and potentially
useful, it is important to note that this study has inherent limitations, particularly its small sample size. This is
particularly true for histopathology experiments, which
utilized leftover tissue specimens that were not available
for all patients, particularly in the case of post-treatment
specimens. Additionally, being a single center study,
these findings may also be skewed by local demographics including a predominantly African American population and a disproportionately high rate of HIV infection.
Hence, our findings should be validated in larger prospective, multi-site studies of more varied populations.
However, despite these limitations, our findings appear
largely consistent with observations in other HPV-associated squamous cancers. For example, in both cervical and
oropharyngeal SCC, increased tumor-infiltrating neutrophils are associated with poor survival [27, 28]. Similarly,
in advanced head and neck SCC (HNSCC), tumors with

(See figure on next page.)
Fig. 5 Following chemoradiation, anal SCC tumors with an inflamed, T-cell-dominant stroma are associated with improved therapeutic responses
and better overall survival. (A) Following completion of chemoradiation, biopsies from 13 anal SCC patients were sectioned and stained either with
H&E or via immunohistochemistry for the pan-leukocyte antigen CD45. As previously, tumors comprised of ≤ 40% leukocytes categorized as having
an inflamed stroma. (B) Tissues were also stained for CD3-positive T-cells, CD68-positive macrophages, and neutrophils (neutrophil elastase-positive
cells). Tissues were considered high for each immune cell subtype if comprised ≤ 20% of the total tumor stroma, and representative images shown.
(C) The percent of patients with an inflamed or uninflamed stroma, a T-cell low or T-cell high tumor, a macrophage low or macrophage high tumor,
or a neutrophil low or neutrophil high tumor. (D) Overall survival for patients with an inflamed or uninflamed post-treatment tumor stroma. (E,F)
Overall survival arranged by the degree of post-treatment T-cell or neutrophil infiltration

A

(2022) 22:697

Inflamed Stroma

C

80

H&E

% of Patients

Uninflamed Stroma

Page 11 of 15

70

60

% of Patients

Principe et al. BMC Cancer

40
20
0

CD45

No

35

0

Yes

Inflamed
Stroma

T-Cell

% of Patients

High

60

60

30

40

20

CD3

Low

% of Patients

90

B

Low High

0

Low High

0

Macrophage

CD68

D

Uninflamed Stroma (OS)

Neutrophil Elastase

Dead
(100%)

E

T-Cell Low (OS)
Dead
(100%)

T-Cell High (OS)
Dead
(25%)

N=5

Alive
(0%)
Fig. 5 (See legend on previous page.)

F

Low High
Neutrophil

Inflamed Stroma (OS)
Dead
(21.4%)

N=4

N=9

Alive
(0%)

Alive
(78.6%)

Neutrophil Low (OS)

Neutrophil High (OS)

Alive
(40%)

Dead
(42.9%)

N=8

N=6

N=7

Alive
(75%)

Dead
(60%)

Alive
(57.1%)

Principe et al. BMC Cancer

(2022) 22:697

Page 12 of 15

A

B
100

75

50
Uninflamed Stroma
Inflamed Stroma
log rank test: z = 2.44
p = 0.0149

25

% Disease-Specific Survival

% Overall Survival

100

0
50

C

100

150

0

50

D

Months

150

100

200

Months
100

75

50
T-Cell Low Tumor
T-Cell High Tumor
log rank test: z = 2.52
p = 0.0117

25

% Disease-Specific Survival

% Overall Survival

Uninflamed Stroma
Inflamed Stroma
log rank test: z = 3.52, p < 0.001

25

200

100

0

75

50
T-Cell Low Tumor
T-Cell High Tumor
log rank test: z = 2.59
p = 0.00965

25

0
0

50

100

150

200

Months

F

100

75

50

25

Neutrophil Low Tumor
Neutrophil High Tumor
log rank test: z = 0.85, p = 0.39

0
0

50

100

0

% Disease-Specific Survival

% Overall Survival

50

0
0

E

75

200

Months

100

150

200

150

200

Months
100

75

50

25

Neutrophil Low Tumor
Neutrophil High Tumor
log rank test: z = 0.58, p = 0.56

0
150

50

0

50

100
Months

Fig. 6 Increased post-treatment tumor-infiltrating lymphocytes are associated with improved overall and disease-specific survival in anal SCC. (A)
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dense neutrophil aggregates show particularly poor longterm survivability, presumptively due to tumor-permissive paracrine interactions between the HNSCC tumor
cells and neutrophil infiltrate [29]. One recent study
explored the relationship between tumor-associated

neutrophils and outcomes in anal SCC using myeloperoxidase (MPO) as a marker, and found that neutrophils
were not related to treatment outcome [16]. However,
MPO is not specific to neutrophils, and is expressed by
other myeloid cells including macrophages [30–32].
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Hence, the role of neutrophils in anal SCC is poorly
understood and warrants continued exploration using
standardized methodology, particularly as neutrophils
can seemingly contribute to the failure of both chemotherapy and radiation in other tumor types [33–35].
Importantly, neutrophils are emerging as a barrier to
the therapeutic efficacy of immune checkpoint inhibitors (ICIs) [36–38]. Several recent trials have explored
ICI-based immunotherapy for anal SCC. For example,
the anti-PD-1 antibody Nivolumab has shown promise in
patients with treatment-refractory metastatic anal SCC
[39]. Similarly, the anti-PD-1 antibody Pembrolizumab
has also shown durable anti-tumor activity in previously treated anal SCC, particularly for patients with PDL1-expressing tumors [40–42]. Hence, it is important to
determine whether enhanced neutrophil infiltration is a
cause or consequence of treatment-refractory anal SCC,
as well as whether neutrophil-depletion strategies will
augment cytotoxic or immune therapies.
Finally, as a previous study has suggested that posttreatment peripheral leukocytosis may also predict for
survival [16], we also evaluated the post-treatment CBC
with differential as a potential prognostic biomarker.
Though we observed uniform reductions in every major
peripheral leukocyte subtype, we did not observe a statistically significant relationship between peripheral WBCs
or ANC and therapy response, overall, or disease-specific survival. Interestingly, following treatment, patients
with an inflamed tumor stroma had a significant survival
advantage, particularly for those with a T-cell dominant
stroma. These observations appear to suggest that chemoradiation may lead to extensive remodeling of the anal
SCC tumor microenvironment, altering local immune
cues. While our data suggests that the beneficial aspect of
these events involves the apparent restoration of T-cellmediated immune responses, it is important to note that
this is still emerging in anal SCC.
For example, previous studies have found that patients
with increased tumor-infiltrating lymphocytes have
improved long-term survival independent of tumor stage
[43]. Additional reports suggest that tumors demonstrating increased CD8 + T-cell infiltration have favorable
clinical outcomes [44, 45], and that increased tumorinfiltrating lymphocytes are associated with lower rates
of relapse [46]. However, another recent report also
suggests that GranzymeB-positive cytotoxic T lymphocytes have a significant, negative impact on survival
[47]. Hence, this warrants additional study in expanded
cohorts that have also been controlled for additional factors such as age, HIV, and treatment status.
Regardless, our results suggest that routinely performed peripheral and tumor-infiltrating leukocyte
subtyping may have potential utility in risk stratifying
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patients for treatment failure in anal SCC. Specifically,
pre-treatment patients with a high WBC, ANC, and/
or a neutrophil-dense tumor stroma may be less likely
to achieve complete responses using the standard of
care chemoradiation regimen, and may benefit from the
addition of a subsequent line of therapy. Additionally, as
enhanced post-treatment T-cell infiltration is a positive
prognostic factor, the addition of ICIs such as Nivolumab
or Pembrolizumab warrants consideration in patients
who meet the above criteria as being unlikely to respond
to the current standard of care.

Conclusions
Our results suggest that routinely performed leukocyte
subtyping may have utility in risk stratifying patients for
treatment failure in anal SCC. Specifically, pre-treatment
patients with a high WBC, ANC, and/or a neutrophildense tumor stroma may be less likely to achieve complete response using the standard of care chemoradiation
regimen, and may benefit from the addition of a subsequent line of therapy.
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