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Abstract

Background: Treatment-related white blood cell (WBC) toxicity has been associated with an inferior prognosis in
different malignancies, including anal cancer. The aim of the present study was to investigate predictors of WBC
grade > 3 (G3+) toxicity during chemoradiotherapy (CRT) of anal cancer.

Methods: Consecutive patients with locally advanced (T2 >4 crmn—T4 or N+) anal cancer scheduled for two cycles
of concomitant 5-fluorouracil and mitomycin C chemotherapy were selected from an institutional database (n=106).
All received intensity modulated radiotherapy (IMRT; mean dose primary tumor 59.5 Gy; mean dose elective lymph
nodes 45.1 Gy). Clinical data were extracted from medical records. The highest-grade WBC toxicity was recorded
according to CTCAE version 5.0. Pelvic bone marrow (PBM) was retrospectively contoured and dose-volume histo-
grams were generated. The planning CT was used to measure sarcopenia. Dosimetric, anthropometric, and clinical
variables were tested for associations with WBC G3+4- toxicity using the Mann-Whitney test and logistic regression.
Cox proportional hazard regression was used to assess predictors for overall survival (OS) and anal cancer specific
survival (ACSS).

Results: WBC G3+ was seen in 50.9% of the patients, and 38.7% were sarcopenic. None of the dosimetric parameters
showed an association with WBC G3+ toxicity. The most significant predictor of WBC G3+ toxicity was sarcopenia
(adjusted OR 4.0; P=10.002). Sarcopenia was also associated with an inferior OS (adjusted HR 3.9; P=0.01), but not
ACSS (P=0.07). Sensitivity analysis did not suggest that the inferior prognosis for sarcopenic patients was a conse-
quence of reduced doses of chemotherapy or a prolonged radiation treatment time. Patients who experienced WBC
G3+4 toxicity had an inferior OS and ACSS, even after adjustment for sarcopenia.

Conclusions: Sarcopenia was associated with increased risks of both WBC G3+- toxicity and death following CRT for
locally advanced anal cancer. In this study, radiation dose to PBM was not associated with WBC G3+4- toxicity. However,
PBM was not used as an organ at risk for radiotherapy planning purposes and doses to PBM were high, which may
have obscured any dose-response relationships.
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Introduction
Leukopenia—defined as low white blood cell (WBC)
levels—is a common side effect to chemoradiotherapy
— (CRT) of anal cancer [1, 2]. Patients with severe leuko-
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of chemotherapy, and prolonged overall treatment time,
potentially diminishing the chance of cure [3]. Moreover,
functional WBCs are important for the antitumor effect.
Radiation-induced lymphopenia and leukopenia has been
shown to be associated with inferior outcomes in several
types of malignancies, including anal cancer [4-7]. One
possible way of reducing WBC toxicity is to reduce the
radiation dose to the pelvic bone marrow (PBM). How-
ever, previous studies on the associations between PBM
dosimetric parameters and WBC toxicity have shown
conflicting results [8—16]. Another factor of potential
importance for WBC toxicity is sarcopenia (loss of skel-
etal muscle mass) [17]. In a recent study by Martin et al.,
sarcopenic patients had an increased risk of hematologic
toxicity during anal cancer CRT [18]. To the best of our
knowledge, no previous study has investigated the effect
of both PBM dosimetric parameters and sarcopenia on
hematologic toxicity.

The aim of the present study was to analyze potential
predictors of WBC grade >3 (G3+) toxicity during CRT
of locally advanced anal cancer. In addition to clinical
variables, the importance of dosimetric parameters and
sarcopenia was also assessed.

Material and methods

Study population and treatment

The study population and data collection has been
described in detail previously [7, 19]. Briefly, all patients
with squamous cell carcinoma of the anus (anal cancer)
treated with radiotherapy at the Skane University Hos-
pital, Lund, Sweden, during the years 2009-2017 were
selected from an institutional database. For the present
study, only patients with locally advanced nonmetastatic
disease (T2 >4 cm—T4 or N+) scheduled for 5-fluoro-
uracil and mitomycin C concomitant chemotherapy were
included (Fig. 1). The reason for excluding patients with
T1-T2<4 cm NO disease was that they were treated with
both lower doses of radiotherapy and less chemotherapy,
confounding dosimetric analyses. Treatment was accord-
ing to Swedish national guidelines, and all received inten-
sity modulated radiotherapy (IMRT). Before 2017, the
prescribed dose to the primary tumor and lymph node
metastasis was 60 Gy/30 fractions (F), and the prescribed
dose to the elective clinical target volume (CTV) was
46 Gy/23F. For patients treated in 2017 (n=12), the fol-
lowing prescribed doses were used: primary tumor and
lymph node metastasis >4 cm 57.5 Gy/27F; lymph node
metastasis <4 cm 50.5 Gy/27F; elective CTV 41.6 Gy/27F.
Concomitant chemotherapy consisted of two cycles of
mitomycin (10 mg/m? on day 1 and 29) and 5-fluoroura-
cil (1000 mg/m? on days 1-4 and 29-33). Radiotherapy
was given without planned treatment breaks, and granu-
locyte-colony stimulating factor was not routinely used.
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It was recommended that the contouring of the elective
CTV should be in line with the RTOG guidelines [20].
PBM was not used as an organ at risk or an optimiza-
tion structure during the radiotherapy planning process.
The study was approved by the Regional Ethical Review
Board in Lund (Dnr 2013/742).

Data collection

Data were extracted from medical records. WBC count
was measured routinely before commencement of
CRT, weekly during treatment, and post-treatment
when clinically indicated. Acute (within 90 days after
the end of radiotherapy) toxicity was graded according
to CTCAE version 5.0. The highest-grade WBC toxic-
ity was recorded. For the present study, dosimetric and
anthropometric data, including sarcopenia, were added
to the clinical data from our previous publications [7, 19].
PBM was retrospectively contoured in accordance with
Mell et al. [13]. The external contour of bones was auto-
segmented in Eclipse v 15.6 (Varian Medical Systems,
Palo Alto, CA, USA) using a range of 100 to maximum
Hounsfield units and 3D processing mode with asymmet-
ric smoothing of 1. A volume of interest was used to limit
the auto-segment to include all bones from the superior
border of the L5 vertebral body to the inferior border of
the ischial tuberosities (Fig. 2). The cranial parts of the
iliac crests were manually segmented if they were not
included in the auto-segmentation. Post processing using
smoothing level 2 and fill all cavities was used after pos-
sible manual adjustment, which could be for example due
to the auto-segmentation failed to include all the external
contour of the pelvic bone or due to contrast agents or
atherosclerosis.

Dose-volume histograms were generated for PBM,
and the following parameters were recorded: mean dose
(Dmean), the percentage of PBM volume receiving at
least 10-50 Gy in 10 Gy increments (V10-50 Gy), and
the absolute volume of PBM receiving less than 10-50 Gy
in 10 Gy increments (V<10-50 Gy). Body surface area
(BSA) was calculated using the Du Bois method [21].
Dose-volume data was retrieved using Eclipse scripting
API (ESAPI v 15.6, Varian Medical Systems, Palo Alto,
CA, USA).

The planning CT was used to measure sarcopenia.
A single axial CT slice at the level of the L3 transverse
process was selected. Skeletal muscle was first auto-seg-
mented using a range of —29 to 150 Hounsfield units,
and then manually adjusted to exclude all non-muscle
tissues (Fig. 3). The area of the segmented skeletal mus-
cles was retrieved by multiplying the number of pix-
els included in the segmentation with the pixel size and
dividing this value with the CT slice thickness. Skeletal
muscle index (SMI) was calculated as the area of skeletal
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All anal cancer patients in the catchment
area of Skane University Hospital, time
period Aug, 2009 — Dec, 2017

No radiotherapy

Treated with radiotherapy (n = 203)

No concomitant chemotherapy (n = 28)

Distant metastasis at diagnosis (n = 16)

Palliative intent due to high age and
comorbidity (n = 8)

Follow up < 6 months (n = 3)

T1-T2 <4 cm NO, i.e., not locally
advanced (n = 27)

Platinum-based chemotherapy or
addition of cetuximab (n = 15)

Present study population (n = 106)

Fig. 1 Flowchart of the study population

Fig. 2 Pelvic bone marrow

Fig. 3 Skeletal muscle at the level of L3
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muscle divided by patient height squared. SMI thresholds
of sarcopenia were 38.5 cm?/m? for women and 52.4 cm?/
m? for men. For some patients, the planning CT scan
did not extend to the L3 level. Instead, a single CT slice
at the most inferior aspect of L4 was used, in accordance
with Martin et al. [18]. Thresholds of sarcopenia for these
patients were 34.2 cm?*/m? for women and 41.3 cm?/m?
for men. Both the L3 and the L4 cut-offs are well estab-
lished from previous studies [18, 22].

Statistical analysis
For categorical variables, proportions were compared by
the Chi square test or Fisher’s exact test, as appropriate.
For continuous dosimetric and anthropometric variables,
the values for patients with GO-2 WBC toxicity were
compared with the values for patients with G3-4 WBC
toxicity using the Mann Whitney test. Variables with
P<0.05 from these analyses were used together with clin-
ical variables in logistic regressions of factors correlated
with an increased risk of WBC G3+ toxicity. Pearson
correlation coefficient was used to analyze bivariate cor-
relations between two continuous variables. Multicollin-
earity was analyzed using variance inflation factors (VIF).
Overall survival (OS) and anal cancer specific survival
(ACSS) were analyzed. Follow-up and time to endpoint
was defined from the date of diagnosis. Survival was esti-
mated by the Kaplan—Meier method and compared using
the log rank test. Cox proportional hazards model was
used to assess predictors for survival endpoints.
Predicting variables with a significance of P<0.10 in
univariate analysis for a certain endpoint were entered
into a multivariate logistic regression or Cox model for
that endpoint. Age at diagnosis, pretreatment leukocyte
count, pretreatment hemoglobin, and tumor size were
treated as continuous variables. For time to treatment
initiation, and total radiation treatment time, previously
defined cut-offs were used [7]. All significance tests were
2-sided, and P values<0.05 were considered statistically
significant. Statistical analysis was conducted using SPSS
version 25 (SPSS Inc., Chicago, Illinois, USA).

Results

One-hundred and six patients with locally advanced anal
cancer, treated with curative intent IMRT (mean dose
primary tumor 59.5 Gy; mean dose elective lymph nodes
45.1 Gy) and concomitant chemotherapy, were included
in the study. Patient, tumor, and treatment character-
istics are listed in Table 1. Median age at diagnosis was
63.8 years, and 79.2% were female. SMI was measured at
L3 (n=94) or at L4 (n=12). In total, 41 of 106 (38.7%)
were sarcopenic. WBC G3+ toxicity (50.9%) and febrile
neutropenia (23.7%) were relatively frequent side effects.
Five-year OS was 82.5% and five-year ACSS was 88.9%.
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Table 1 Patient, tumor, and treatment characteristics

n (%)
Age at diagnosis (years), Median; range 63.8;44.1-82.7
Female gender 84 (79.2)
Active smoking 32(30.2)
Charlson comorbidity index > 1 44 (41.5)
Sarcopenia 41 (38.7)
Immunosuppressive disorders? 12(11.3)
HIV 1(09)
Pretreatment hemoglobin (g/L), Median; range 129;77-163
Pretreatment leukocyte count (10%L), Median; range 7.6;3.8-33.7
T stage®

1 3(28)

2 46 (43.4)

3 27 (25.5)

4 30(283)
Primary tumor size (cm), Median; range 50;1.0-15.0
Lymph node metastasis® 67 (63.2)
Radiation technique

IMRT 9(8.5)

Tomotherapy 20(18.9)

VMAT 77 (72.6)
Radiation dose (Gy)

Primary tumor, Mean; SD 595;1.2

Lymph node metastasis, Mean; SD 57.9;44

Elective, Mean; SD 45.1;40
Radiation treatment time (days), Mean; SD 43.1;46
Included in elective CTVC

Inguinal 104 (98.1)

Internal iliac 106 (100.0)

External iliac 104 (98.1)

Presacral 106 (100.0)

Mesorectal 106 (100.0)

Ischiorectal fossa 101 (95.3)
Low cranial border of elective CTV 8(7.5)
Chemotherapy: all patients scheduled for FUMI x 2

Omission of second cycle 14(13.2)

Dose reduction of second cycle 15(14.2)

Omission or dose reduction of second cycle 29(274)

Second cycle platinum-based (cardiac toxicity) 4(3.8)
White blood cell toxicity (CTCAE version 5.0)

GO 15(14.2)

G1 7(66)

G2 30(283)

G3 36 (34.0)

G4 18 (17.0)
Febrile neutropenia 22(20.8)

cc cubic centimeter, CTV clinical target volume, FUMI 5-fluorouracil + Mitomycin
C, G grade, Gy gray, IMRT intensity modulated radiation therapy, SD standard
deviation, VMAT volumetric modulated arc therapy

2 Connective tissue disorder (n=6), inflammatory bowel disease (n=4), chronic
leukemia (n=1), heart transplant (n=1)

> TNM8
€ >80% of region covered in elective CTV to count as ‘included’

d > 3 cm below sacral promontory (8 patients: median 36 mm; range 30-42 mm)



Nilsson et al. Radiat Oncol (2021) 16:152

Table 2 Associations  between  dosimetric/anthropometric
variables and white blood cell grade > 3 toxicity (median values
reported)

All WBC G3+ toxicity
patients
(n=106) No (n=52) Yes(n=54) P

Dosimetric variables

PBM
Dmean (Gy) 320 321 319 0.390
V10Gy (%) 873 86.1 88.1 0574
V20Gy (%) 79.5 787 80.0 0.733
V30Gy (%) 61.0 62.1 604 0.742
V40Gy (%) 355 36.6 349 0.242
V50Gy (%) 7.8 84 6.2 0.054
V<10 Gy (co) 174 185 149 0373
V<20 Gy (cc) 294 306 277 0397
V<30 Gy (co) 547 557 536 0.552
V<40 Gy (cc) 879 912 843 0.356
V<50 Gy (cc) 1263 1291 1220 0.255
PTV (co) 2614 2609 2624 0.604
PTV outside PBM (cc) 2435 2423 2446 0.570
Anthropometric variables
PBM volume (cc) 1363 1406 1330 0.041
Height (cm) 167 167 166 0.069
Weight (kg) 69.1 725 68.0 0.229
BMI (kg/mz) 25.2 24.9 25.7 0.845
BSA (m?) 178 1.81 177 0.133

Bold indicates P-value < 0.05

BMI body mass index, BSA body surface area, WBC white blood cell, PBM pelvic
zone marrow, PTV planning target volume

Dosimetric and anthropometric variables

None of the dosimetric variables showed an association
with WBC G3+ toxicity (Table 2). The only anthropo-
metric variable that was significantly associated with
WBC G3+ toxicity was PBM volume (P=0.041). Conse-
quently, only PBM volume was used for further analyses,
together with clinical variables and sarcopenia (Table 3).
PBM volume was correlated with many other variables in
Table 2, e.g., with dosimetric parameters PBM V <20 Gy
(r=0.51; P<0.001), PBM V<30 Gy (r=0.67; P<0.001),
PBM V<40 Gy (r=0.81; P<0.001), and with height
(r=0.86; P<0.001).

Predictors of WBC G3+ toxicity

In univariate analysis, females (OR 2.7; P=0.049)
and sarcopenic patients (OR 3.2; P=0.005) had an
increased risk of WBC G3+ toxicity (Table 3). In a
multivariable model, that also included PBM volume,
only sarcopenia retained its statistical significance (OR
4.0; P=0.002). However, PMB volume was smaller
in females than in males (median 1315 vs 1765 cc;
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P<0.001) and the nonsignificant adjusted odds ratios
for these two variables should be interpreted in the
light of some—although not major—problems with
multicollinearity (VIF =2.39).

Sarcopenia and survival

In Additional file 1: Table S1, characteristics of sarcopenic
and non-sarcopenic patients are compared. Sarcopenic
patients were older (median 68.2 vs. 61.9; P=0.01), had
a lower BMI (median 22.7 vs. 26.7; P=0.001), and more
often had the second cycle of chemotherapy cancelled or
dose reduced (41 vs. 18%; P=0.01). No significant dif-
ferences were found regarding gender, BSA, tumor size,
radiation treatment time, or any dosimetric parameters.
Sarcopenia was not significantly associated with acute or
late gastrointestinal toxicity (P> 0.10).

Sarcopenia was a significant predictor for OS in univar-
iate analysis (HR 4.5; P=0.004) (Table 4). The first mul-
tivariate model (Model 1) included all variables with a
significance of P<0.10 in univariate analysis. Accordingly,
WBC G3+ toxicity was included, and it was associated
with an inferior survival (HR 4.4; P=0.02). As sarcope-
nia was significantly correlated with WBC G3+ toxicity
(Table 3), the variable WBC G3+ toxicity was excluded
from Model 2 to avoid overadjustment bias (i.e., control
for an intermediate variable). In Model 2, sarcopenia
was significantly associated with an inferior OS (HR 3.9,
P=0.01). No significant association (P=0.07) was seen
between sarcopenia and ACSS. In Fig. 4, Kaplan—Meier
curves for OS and ACSS are shown comparing sarco-
penic and non-sarcopenic patients.

None of the dosimetric parameters listed in Table 2
were correlated with OS or ACSS (all P>0.10, data not
shown).

Sensitivity analysis

Restricting the Cox analysis to patients without dose
reduction of the second cycle of chemotherapy (n=77),
sarcopenic patients still had an inferior OS (HR 4.2,
P=0.02; data not shown). As detailed above, sarcope-
nia was not significantly associated with radiation treat-
ment time (Additional file 1: Table S1) and retained an
association with OS even after adjustment for radiation
treatment time (Table 4, Model 2). Taken together, these
findings did not suggest that the inferior survival seen in
sarcopenic patients was driven by lower doses of chemo-
therapy or suboptimal delivery of radiotherapy.
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Table 3 Logistic regressions of predictors for white blood cell grade > 3 toxicity
Variable WBC G3+ toxicity
Univariate Multivariate®
OR (95% Cl) P OR (95% Cl) P
Female gender 2701.0-74) 0.049 32(06-164) 0.17
Active smoking 0.8(0.3-1.8) 0.58
Charlson comorbidity index> 1 1.1(0.5-24) 0.82
Immunosuppressive disorders 2.1(0.6-74) 0.26 .
Sarcopenia 32(14-74) 0.005 40 (1.6-9.8) 0.002
Age at diagnosis 1.02 (0.98-1.07) 0.40
Pretreatment leukocyte count 0.92 (0.82-1.02) 0.103
Pretreatment hemoglobin 0.99 (0.97-1.02) 0.52 . .
PBM volumeP 0.86 (0.72-1.02) 0.08 0.96 (0.73-1.27) 0.79
Cl confidence interval, OR odds ratio, PBM pelvic bone marrow, WBC white blood cell
2 Pseudo R square for the multivariate model: Nagelkerke (0.17), Cox & Snell (0.13)
b OR per 100 cc increase
Table 4 Univariate and multivariate Cox analyses
Variable Overall survival Anal cancer specific survival
Univariate Multivariate Univariate Multivariate
Model 1 Model 22 Model 1 Model 22
HR P HR P HR P HR P HR P HR P
Male gender 30 0.03 54 0.002 34 0.02 3.1 0.08 54 0.02 28 0.12
Active smoking 0.7 0.58 0.2 0.16
Charlson comorbidity index > 1 1.5 042 1.2 0.82
Immunosuppressive disorders 2.2 0.16 . . . . 30 0.1 . . . .
Sarcopenia 4.5 0.004 27 0.08 39 0.01 33 0.07 1.8 042 3.0 0.10
Age at diagnosis 0.99 0.78 0.97 0.36
Tumor size (cm) 1.1 0.53 1.1 042
Lymph node metastasis 0.7 0.38 1.0 0.97
T4 09 0.79 . . 0.6 0.55 . .
White blood cell grade > 3 toxicity 33 0.02 44 0.02 46 0.054 6.7 0.03
Time to treatment initiation > 62 days 16 0.37 . . . . 15 0.59
RTT > 5 days longer than optimal 26 0.046 32 0.02 34 0.02 2.8 0.12
Omission/dose reduction of second 1.6 037 1.3 0.68

cycle of chemotherapy

Bold indicates mulvariate P-values < 0.05
HR hazard ratio, RTT radiation treatment time
2WBC G3+ toxicity excluded in Model 2

Discussion

We investigated dosimetric, anthropometric, and clini-
cal predictors for WBC G3+ toxicity following CRT in
a relatively large cohort of locally advanced anal cancer
patients. The most important predictor of WBC G3+
toxicity was shown to be sarcopenia, which was also asso-
ciated with an inferior OS. Sensitivity analysis did not

suggest that the inferior survival for sarcopenic patients
was a consequence of reduced doses of chemotherapy or
a prolonged radiation treatment time.

Two previous studies have investigated the role of
sarcopenia in anal cancer. Martin et al. found that sar-
copenic patients had a higher rate of WBC G3+ toxic-
ity but similar survival as non-sarcopenic patients [18].
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Fig. 4 Kaplan-Meier curves of overall survival and anal cancer

specific survival for non-sarcopenic versus sarcopenic patients

In contrast, Bingmer et al. reported that sarcopenia was
associated with an inferior OS, which is well in line with
findings in other malignancies than anal cancer [22, 23].
Interestingly, the results of both our study and the study
by Martin et al. suggest that sarcopenia is selectively
associated with hematologic toxicity, not gastrointesti-
nal toxicity. The reason for this selectivity in toxicity pro-
file remains unclear, but possible explanations include
a reduced total reserve of functional bone marrow in
patients with sarcopenia, or common pathophysiological
mechanisms causing both deficient hematopoiesis and
sarcopenia, e.g., chronic inflammation [18, 24].

In a previous study, we found that WBC G3+ toxicity
was associated with an increased risk of recurrence and
inferior survival in 170 anal cancer patients [7]. In the
present study, which consists of a subset of patients from
our previous investigation, adjustment for sarcopenia did
not reduce the impact of WBC G3+ toxicity on OS and
ACSS.

To the best of our knowledge, our study is the largest
to date to analyze dosimetric predictors of hematologic
toxicity in anal cancer. In contrast to some previous pub-
lications, radiation dose to PBM was not associated with
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WBC G3+ toxicity. Of note, for the patients included
in our study, PBM was not used as an organ at risk dur-
ing the radiotherapy planning process. Consequently,
doses to PBM were high, which may have obscured any
dose-response relationships. Indeed, evidence for a mye-
loprotective effect of bone marrow sparing IMRT (BMS-
IMRT) is emerging. In a prospective non-randomized
phase II anal cancer study, Arcadipane et al. found that
PET-based active BMS-IMRT reduced hematologic tox-
icity compared to historical data. Overall, 11 out of 39
patients (28%) treated with PET-based active BMS-IMRT
experienced G3+ hematologic toxicity and 8 (20%) had
WBC G3+ toxicity [25]. The patients in that study, as
well the patients in some of the previous retrospective
publications, received lower radiation doses to PBM than
the patients in our study [8—10]. Other noteworthy dif-
ferences between our study cohort and previous publica-
tions include a high percentage of females (79.2%), a high
median age at diagnosis (63.8 years), and exclusion of
patients with T1-2NO tumors and patients not scheduled
for two cycles of 5-fluorouracil and mitomycin C con-
comitant chemotherapy.

A debate is ongoing regarding the optimal dose level to
predict hematologic toxicity. Some studies reported high
doses (40-50 Gy) [10, 11, 26], whereas other reported
lower doses (10-20 Gy) as optimal predictors [8, 13-16].
All studies have been hampered by small sample sizes
and high correlations between the dosimetric param-
eters, making proper statistical analysis hard to carry
out and difficult to interpret. In our opinion, the fact
that doses in the range of 12—18 Gy are effective for total
marrow myeloablation in the treatment of leukemias is
favoring the opinion that lower doses are important pre-
dictors for hematologic toxicity [27]. In our study, only
20.5% (median value) of PBM received <20 Gy, making
any dose—response relationships between PBM dosimet-
ric parameters and hematologic toxicity hard to discern.
Under such circumstances, the remaining bone marrow
reserve outside of the pelvis is probably more important
than dosimetric distributions within the pelvic bones.

There are limitations to our study. First, we only inves-
tigated the role of PBM, not pelvic sub-regions or PET-
defined active bone marrow. However, previous studies
have not consistently shown that active bone marrow or
pelvic-sub-regions are superior to pelvic bones and we
therefore decided to focus solely on PBM [16, 28, 29].
Second, the original intention was to measure sarcopenia
at the L3 level for all patients. As it turned out that the
planning CT did not extend to this level for a minority
of the patients, we decided to use the L4 level for these
patients, instead of excluding them. In the previous anal
cancer studies on sarcopenia, Bingmer et al. used the
L3 level, and Martin et al. used the L4 level, without any
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difference in the prevalence of sarcopenia between the
studies (25.0% and 25.4%, respectively) [18, 22]. Third,
the association between sarcopenia and survival should
be interpreted cautiously in the light of the retrospec-
tive nature of our study and the lack of data on some
covariates of potential importance. Notably, data on per-
formance status were missing. An association between
sarcopenia and performance status has been reported
[18], and adjustment for performance status might have
influenced on our results.

Conclusion

Sarcopenia was significantly associated with increased
risks of both WBC G3+ toxicity and death follow-
ing CRT for locally advanced anal cancer. In this study,
radiation dose to PBM was not associated with WBC
G3+ toxicity. However, PBM was not used as an organ at
risk for treatment planning purposes and doses to PBM
were high, which may have obscured any dose—response
relationships.

Abbreviations

ACSS: anal cancer specific survival; BSA: body surface area; BMS: bone marrow
sparing; CRT: chemoradiotherapy; CTV: clinical target volume; F: fractions; G:
grade; IMRT: intensity modulated radiotherapy; OS: overall survival; PBM: pelvic
bone marrow; SMI: skeletal muscle index; VIF: variance inflation factors; WBC:
white blood cell.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513014-021-01876-5.

Additional file 1: Table S1. Sarcopenic versus non-sarcopenic patients.

Authors’ contributions

MPN and JS conceived of the study. MPN collected the clinical data and meas-
ured sarcopenia. JS contoured pelvic bone marrow and extracted dose-vol-
ume data from treatment plans. MPN carried out the statistical analyses. MPN,
AJ, and JS analyzed and interpreted the results. MPN drafted the manuscript.
All authors read and approved the final manuscript.

Funding

Open access funding provided by Lund University. The work was funded by
grants from Skdne County Council’s Research and Development Foundation
(Grant Number 2018-YF0029).

Availability of data and materials
The present data is summarized in this paper. The complete dataset can be
retrieved from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Regional Ethical Review Board in Lund (Dnr
2013/742). Individual consent to participate in this anonymized retrospective
analysis was not required.

Page 8 of 9

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Division of Oncology and Pathology, Department of Clinical Sciences, Lund
University, Lund, Sweden. ?Department of Hematology, Oncology and Radia-
tion Physics, Skane University Hospital, Lasarettsgatan 23, 221 85 Lund, Swe-
den. *Radiation Physics, Department of Hematology, Oncology and Radiation
Physics, Skane University Hospital, Lund, Sweden.

Received: 13 April 2021 Accepted: 4 August 2021
Published online: 16 August 2021

References

1. Ajani JA, Winter KA, Gunderson LL, Pedersen J, Benson AB 3rd, Thomas
CR Jr, Mayer RJ, Haddock MG, Rich TA, Willett C. Fluorouracil, mito-
mycin, and radiotherapy vs fluorouracil, cisplatin, and radiotherapy
for carcinoma of the anal canal: a randomized controlled trial. JAMA.
2008;299(16):1914-21.

2. Kachnic LA, Winter K, Myerson RJ, Goodyear MD, Willins J, Esthappan J,
Haddock MG, Rotman M, Parikh PJ, Safran H, et al. RTOG 0529: a phase
2 evaluation of dose-painted intensity modulated radiation therapy in
combination with 5-fluorouracil and mitomycin-C for the reduction of
acute morbidity in carcinoma of the anal canal. Int J Radiat Oncol Biol
Phys. 2013;86(1):27-33.

3. Glynne-Jones R, Meadows HM, Lopes A, Muirhead R, Sebag-Montefiore
D, Adams R. Impact of compliance to chemoradiation on long-term
outcomes in squamous cell carcinoma of the anus: results of a post hoc
analysis from the randomised phase IIl ACT Il trial. Ann Oncol Off J Eur
Soc Med Oncol. 2020;31(10):1376-85.

4. Lee G, Kim DW, Muralidhar V, Mitra D, Horick NK, Eyler CE, Hong TS,
Drapek LC, Allen JN, Blaszkowsky LS, et al. Chemoradiation-related lym-
phopenia and its association with survival in patients with squamous cell
carcinoma of the anal canal. The Oncologist. 2020;25(12):1015-22.

5. Thor M, Montovano M, Hotca A, Luo L, Jackson A, Wu AJ, Deasy JO, Rim-
ner A. Are unsatisfactory outcomes after concurrent chemoradiotherapy
for locally advanced non-small cell lung cancer due to treatment-related
immunosuppression? Radiother Oncol J Eur Soc Ther Radiol Oncol.
2020;143:51-7.

6. Venkatesulu BP, Mallick S, Lin SH, Krishnan S. A systematic review of the
influence of radiation-induced lymphopenia on survival outcomes in
solid tumors. Crit Rev Oncol Hematol. 2018;123:42-51.

7. Nilsson MP, Scherman J, Gunnlaugsson A, Leon O, Johnsson A, Nilsson
ED. Treatment-related leukopenia in anal cancer patients associated
with worse outcome: results of a retrospective cohort study. Acta Oncol
(Stockholm, Sweden). 2020;59(12):1508-11.

8. Bazan JG, Luxton G, Mok EC, Koong AC, Chang DT. Normal tissue com-
plication probability modeling of acute hematologic toxicity in patients
treated with intensity-modulated radiation therapy for squamous cell car-
cinoma of the anal canal. Int J Radiat Oncol Biol Phys. 2012;84(3):700-6.

9. Cheng JC, Bazan JG, Wu JK, Koong AC, Chang DT. Lumbosacral spine and
marrow cavity modeling of acute hematologic toxicity in patients treated
with intensity modulated radiation therapy for squamous cell carcinoma
of the anal canal. Pract Radiat Oncol. 2014;4(3):198-206.

10. Franco P, Ragona R, Arcadipane F, Mistrangelo M, Cassoni P, Rondi N,
Morino M, Racca P, Ricardi U. Dosimetric predictors of acute hemato-
logic toxicity during concurrent intensity-modulated radiotherapy and
chemotherapy for anal cancer. Clin Transl Oncol Off Publ Fed Span Oncol
Soc Natl Cancer Inst Mex. 2017;19(1):67-75.

11. Lee AY, Golden DW, Bazan JG, Kopec M, Pelizzari CA, Aggarwal S, Chang
DT, Liauw SL. Hematologic nadirs during chemoradiation for anal cancer:
temporal characterization and dosimetric predictors. Int J Radiat Oncol
Biol Phys. 2017,97(2):306-12.

12. Lohynskd R, Nydlova A, Drbohlavova T, Mazana E, Jirkovska M, Veselsky
T, Malinova B, Stankusova H. Haematotoxicity in IMRT/VMAT curatively


https://doi.org/10.1186/s13014-021-01876-5
https://doi.org/10.1186/s13014-021-01876-5

Nilsson et al. Radiat Oncol

20.

21.

22.

(2021) 16:152

treated anal cancer. Klinicka onkologie: casopis Ceske a Slovenske onko-
logicke spolecnosti. 2020;33(4):288-94.

Mell LK, Schomas DA, Salama JK, Devisetty K, Aydogan B, Miller RC, Jani
AB, Kindler HL, Mundt AJ, Roeske JC, et al. Association between bone
marrow dosimetric parameters and acute hematologic toxicity in anal
cancer patients treated with concurrent chemotherapy and intensity-
modulated radiotherapy. Int J Radiat Oncol Biol Phys. 2008;70(5):1431-7.
Robinson M, Muirhead R, Jacobs C, Cooke R, Chu KY, Van den Heuvel F,
Ng S, Virdee P, Strauss V, Hawkins M. Response of FDG avid pelvic bone
marrow to concurrent chemoradiation for anal cancer. Radiother Oncol J
Eur Soc Ther Radiol Oncol. 2020;143:19-23.

Robinson M, Sabbagh A, Muirhead R, Durrant L, Van den Heuvel F, Hawk-
ins M. Modeling early haematologic adverse events in conformal and
intensity-modulated pelvic radiotherapy in anal cancer. Radiother Oncol J
Eur Soc Ther Radiol Oncol. 2015;117(2):246-51.

Rose BS, Jee KW, Niemierko A, Murphy JE, Blaszkowsky LS, Allen JN, Lee
LK, Wang Y, Drapek LC, Hong TS, et al. Irradiation of FDG-PET-defined
active bone marrow subregions and acute hematologic toxicity in anal
cancer patients undergoing chemoradiation. Int J Radiat Oncol Biol Phys.
2016,94(4):747-54.

SantilliV, Bernetti A, Mangone M, Paoloni M. Clinical definition of sarco-
penia. Clin Cases Miner Bone Metab Off J Ital Soc Osteoporos Min Metab
Skelet Dis. 2014;11(3):177-80.

Martin D, von der Griin J, Rodel C, Fokas E. Sarcopenia s associated with
hematologic toxicity during chemoradiotherapy in patients with anal
carcinoma. Front Oncol. 2020;10:1576.

Nilsson MP, Nilsson ED, Johnsson A, Leon O, Gunnlaugsson A, Scherman
J. Patterns of recurrence in anal cancer: a detailed analysis. Radiat Oncol
(London, England). 2020;15(1):125.

Myerson RJ, Garofalo MC, El Naga I, Abrams RA, Apte A, Bosch WR, Das

P, Gunderson LL, Hong TS, Kim JJ, et al. Elective clinical target volumes
for conformal therapy in anorectal cancer: a radiation therapy oncology
group consensus panel contouring atlas. Int J Radiat Oncol Biol Phys.
2009;74(3):824-30.

Du Bois D, Du Bois EF. A formula to estimate the approximate surface area
if height and weight be known. Arch Intern Med. 1916;17:863-71.
Bingmer K, Kondray V, Ofshteyn A, Bliggenstorfer JT, Dietz DW, Charles R,
Stein SL, Paspulati R, Steinhagen E. Sarcopenia is associated with worse

23.

24,

28.

Page 9 of 9

overall survival in patients with anal squamous cell cancer. J Surg Oncol.
2020;121(7):1148-53.

Su H, Ruan J, ChenT, Lin E, Shi L. CT-assessed sarcopenia is a predictive
factor for both long-term and short-term outcomes in gastrointestinal
oncology patients: a systematic review and meta-analysis. Cancer Imag-
ing Off Publ Int Cancer Imaging Soc. 2019;19(1):82.

Bano G, Trevisan C, Carraro S, Solmi M, Luchini C, Stubbs B, Manzato E,
Sergi G, Veronese N. Inflammation and sarcopenia: a systematic review
and meta-analysis. Maturitas. 2017;96:10-5.

. Arcadipane F, Silvetti P, Olivero F, Gastino A, Carlevato R, Chiovatero |, Spi-

nelli L, Mistrangelo M, Cassoni P, et al. Concurrent chemoradiation in anal
cancer patients delivered with bone-marrow-sparing IMRT: final results of
a prospective phase Il trial. J Personal Med. 2021;11(5):427.

David JM, Yue Y, Blas K, Hendifar A, Kabolizadeh P, Tuli R. 18F-FDG PET pre-
dicts hematologic toxicity in patients with locally advanced anal cancer
treated with chemoradiation. Adv Radiat Oncol. 2019;4(4):613-22.

. Hoeben BAW, Pazos M, Albert MH, Seravalli E, Bosman ME, Losert C, Boter-

berg T, Manapov F, Ospovat |, Milla SM, et al. Towards homogenization of
total body irradiation practices in pediatric patients across SIOPE affiliated
centers. A survey by the SIOPE radiation oncology working group. Radio-
ther Oncol J Eur Soc Ther Radiol Oncol. 2021;155:113-9.

Franco P, Arcadipane F, Ragona R, Lesca A, Gallio E, Mistrangelo M, Trino
E, Cassoni P, Arena V, Baccega M, et al. Dose to pelvic bone marrow
defined with FDG-PET predicts for hematologic nadirs in anal cancer
patients treated with concurrent chemo-radiation. Cancer Invest.
2018;36(5):279-88.

Rose B, Mitra D, Hong TS, Jee KW, Niemierko A, Drapek LN, Blaszkowsky
LS, Allen JN, Murphy JE, Clark JW, et al. Irradiation of anatomically defined
pelvic subsites and acute hematologic toxicity in anal cancer patients
undergoing chemoradiation. Pract Radiat Oncol. 2017;7(5):e291-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Sarcopenia and dosimetric parameters in relation to treatment-related leukopenia and survival in anal cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Material and methods
	Study population and treatment
	Data collection
	Statistical analysis

	Results
	Dosimetric and anthropometric variables
	Predictors of WBC G3+ toxicity
	Sarcopenia and survival
	Sensitivity analysis

	Discussion
	Conclusion
	References


