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Abstract

Background: Risk factors for local atypical fibroxanthoma (AFX) recurrence and
progression to pleomorphic dermal sarcoma (PDS) have not previously been
identified.

Objective: To identify risk factors and provide follow-up suggestions for local AFX
recurrence and progression to PDS.

Methods and Materials: A literature search was performed in the PubMed, EMBASE,
and Cochrane databases. The PRISMA and MOOSE guidelines were followed. The
risks of local AFX recurrence and progression to PDS were presented as
Kaplan-Meier plots and risk factors were presented as hazard ratios (HRs) calculated
with univariate and multivariate Cox regression.

Results: Five hundred and ninety-eight patients with AFX from 14 studies were
included. Age >74 years and male sex significantly increased the risk of local
recurrence (HR: 7.31 [95% confidence interval [CI]: 1.78-30.0], p <0.01 and HR:
2.89 [95% Cl: 1.04-8.01], p < 0.05, respectively). There was no difference when
comparing wide local excision and Mohs' micrographic surgery (p = 0.89). The risks of
local AFX recurrence and progression to PDS after 2 years were <1%.

Conclusion: A more intensive follow-up regimen could be considered in patients >74

years old and males due to the higher risk of local AFX recurrence.
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1 | BACKGROUND

Atypical fibroxanthoma (AFX) is a rare cutaneous mesenchymal
tumor that can progress to the invasive pleomorphic dermal sarcoma
(PDS). Diagnosing AFX is challenging, as AFX shares clinical and
histopathological features with other neoplasms, such as spindle-cell
squamous cell carcinoma, desmoplastic malignant melanoma, and
basal cell carcinoma.® Furthermore, AFX and PDS are difficult to
distinguish from one another but features such as invasion of the
subcutaneous tissue, vascular or perineural invasion, the presence of
necrosis, and aggressive clinical behavior such as local invasion or
metastasis suggest PDS. In cases of metastasis it is difficult to
determine whether the primary AFX has progressed to PDS or
whether the initial tumor should be classified as a primary PDS.

The risk of recurrence after surgical removal of AFX has
previously been estimated to be 4.6%-11.3%, and the risk of
metastases after initial diagnosis of AFX is 0.5%-3.2%.2"* Due to
the rarity of the tumor, previous studies have not had sufficient
power to assess which patients with primary AFX that should be
followed more closely for early detection of local AFX recurrence and
progression to PDS.

Meta-analyses based on individualized participant data have gained
popularity over the last decade and are now considered the gold
standard.” This is due mainly to the increased flexibility, as the analysis is
less dependent on the original published data format, which makes data
comparable across studies. In this study, we used meta-analytical
methods to estimate the overall risks of local AFX recurrence and
progression to PDS and to provide individualized follow-up suggestions
for early detection of local AFX recurrence and progression to PDS.

2 | PATIENTS AND METHODS

The meta-analysis was conducted in accordance with the PRISMA®
and MOOSE” guidelines and the Cochrane handbook of systematic
reviews when applicable.2 The screening of eligible studies was
conducted by two independent authors (FLAA and KA), and all
discrepancies were discussed with a third author (M@). All outcomes

and statistical analyses were chosen a priori.

2.1 | Search strategy and inclusion criteria

The literature search was performed in the PubMed, EMBASE, and
Cochrane databases with the search string: “atypical fibroxanthoma”
OR “atypical cutaneous fibroxanthoma”OR “malignant histiocytoma” OR
“pleomorphic malignant fibrous histiocytoma” OR “pseudosarcomatous
reticulohistiocytoma” OR “superficial malignant fibrous histiocytoma” OR
“superficial undifferentiated pleomorphic sarcoma.”

Studies were included if they reported on local recurrence or
metastasis in cohorts of at least five patients initially diagnosed with
AFX validated by histopathology. The current understanding in the
literature is that AFX does not metastasize.”*° As detailed descriptions

of the depth of the primary AFX was not available in the included
studies, we chose to consider any case of subsequent local invasion or
metastasis after initial diagnosis of AFX as a progression to PDS. We
only included primary tumors classified as AFX and therefore we
excluded patients who presented with primary PDS. Case reports,
commentaries, letters, discussions, reviews, and citations in languages

other than English, French, German, or Scandinavian were excluded.

2.2 | Data extraction and quality assessment

Baseline characteristics were extracted for each included study (e.g.,
author, year of publication, country, number of patients, and follow-up).
Few of the included studies provided information regarding the specific
follow-up regimen such as the interval or if imaging was employed. The
extracted outcomes of interest were the presence of local recurrence or
invasion/metastasis, time to event, age at presentation, sex, tumor size,
the surgical excision margin, postoperative defect size, type of surgery
(wide local excision [WLE] or Mohs' micrographic surgery [MMS]),
previous skin cancer and immunosuppression. If authors described a
patient with deep-tissue invasion or metastasis, it was considered a
progression to PDS. Excision margins were only extracted in patients
undergoing WLE, as the MMS technique is performed in multiple stages
until histological margins are clear.!* The areas of the postoperative
defects were extracted for all patients and adjusted for tumor size as a
defect/tumor size ratio to compare the amount of tissue removed in
WLE and MMS. The quality of the included studies was assessed with
the methodological index for non-randomized studies (MINORS) with a

maximal score of 16.%?

2.3 | Outcomes

The outcomes of the meta-analyses were the overall risk of local AFX
recurrence, AFX progression to PDS, and risk factors for local AFX
recurrence and progression to PDS.

2.4 | Statistical analysis

The meta-analysis of individual participant data was performed as a
one-stage analysis. The overall risks of local AFX recurrence and
progression to PDS were estimated using survival analysis with
Kaplan-Meier plots. Hazard ratios (HRs) for risk factors (age at
presentation, sex, tumor size, excision margin, type of surgery,
previous skin cancer, and immunosuppression) were estimated with
both univariate and multivariate Cox regression models with robust
covariance matrix estimation to adjust for clustering of studies.
Significant and borderline significant results (p < 0.1) were included in
the multivariate analysis. Age was divided into two groups with a
cutoff at 74 years calculated with the maximally selected rank
statistic. For patients undergoing WLE, the excision margin was

divided into three clinically relevant cutoff points: <5, 5-10, and
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>10 mm. The assumptions of proportional hazards and linearity were
tested and were not violated in any of the models.*>* A sensitivity
analysis of the multivariate Cox regression was performed by leaving
out studies before 2002 due to an increased risk of misclassification
as the diagnostic criteria of AFX was revised at this time point.2> An
assessment of risk factors for AFX progressing into PDS was not
attempted because of too few events. All results are presented as
HRs with 95% confidence intervals (Cl). The median follow-up time
was estimated with the reverse Kaplan-Meier method. Heterogene-
ity of the included studies was calculated with tau, |?-statistics, and
the chi-squared test of heterogeneity as a two-stage analysis using
the incidence rates (events per total person-years) of the included
studies. A two-sided p < 0.05 was considered statistically significant.
All statistical analyses and plots were performed in R, version 4.0.3

with the packages rms, survival, maxstat, metafor, and ggplot2.

3 | RESULTS

3.1 |
studies

Search results and quality of the included

The search resulted in 1740 eligible studies and 8 studies were included
directly. The corresponding authors of 20 studies were contacted, and
we received additional data from six authors (461 patients) resulting in a
total inclusion of 598 patients from 14 studies.'*~3° A flow chart of the
screening process is shown in Figure 1. All the included studies were
retrospective and observational studies of moderate quality. The mean
MINORS score of the included studies was 10.5 (95% Cl: 9.34-11.66).
The overall heterogeneity of the included studies was significant with an
I? of 77.3%, p<0.01. Study characteristics and a forest plot of the

included studies are shown in Table 1 and Figure 2.

3.2 | Baseline characteristics

The median age at diagnosis was 77 years (interquartile range [IQR]:
69-83), and the majority were men (78%). The median tumor diameter
was 12.8 mm (IQR: 9-20), and tumors were almost exclusively in the
head and neck region (94%). In 443 cases (75%) the tumors were
excised by WLE in with a median excision margin of 3.0 mm (IQR:
1.0-5.0) and in 147 (25%) the tumors were excised with MMS. Baseline

characteristics of the included patients are shown in Table 2.

33 |
to PDS

Overall risk of recurrence and progression

A total of 36 recurrences were reported, resulting in a 1-year risk of 3.2%
(95% Cl: 1.4-5.1) and a 5-year risk of 7.4% (95% Cl: 1.7-13). The median
time to recurrence was 13 months (95% Cl: 11-16). The risk of
recurrence after 2 years was 0.7% (95% Cl: 0-1.3). A total of eight
patients developed metastases and were considered to have progressed

[CAL QI

Citations found through
=
-8 database search
5 (n=1740)
=]
g
= Duplicates removed
> (n=429)
Titles and abstracts
screened
(n=1311) — -
o0 Citations not included
k] > (n=1230)
o
5
@ Full-Text citations
assessed for eligibility
(n=81)
Full-text citations excluded,
— specified criteria
(n=67)
27 Data not obtainable
2 16 No cases of AFX
:::3 12 Duplicated patients
bo i 12 Not original data
m
Full-text citations found
eligible
(n=14)
g Data contributing citations
g included:
E (n=14)
8 = Systematic screening
6 = Author contact

FIGURE 1 Flow chart of the screening process.

to PDS, resulting in a 1-year risk of 0.54% (95% Cl: 0-1.30) and a 5-year
risk of 1.72% (95% Cl: 0-3.96). The median time to progression to PDS
was 24 months (95% Cl: 11.8-24). The risk of progression to PDS after 2
years was 0.26% (95% Cl: 0-0.73). The median follow-up was 48
months (IQR: 18.2-84.0). Kaplan-Meier plots are shown in Figures 3A,B.

3.4 | Risk factors for local AFX recurrence

The risk of local recurrence significantly increased with age at
presentation above 74 years in both the univariate analysis and
multivariate analysis (HR: 7.31 [95% Cl: 1.78-30.0], p < 0.01). Males
also had a significantly higher risk of local recurrence (HR: 2.89 [95%
Cl: 1.04-8.01], p < 0.05). In the case of WLE, there was no significant
effect of an excision margin of 5-10mm (p=0.23) or >10mm
(p=0.21). There was no significant difference between WLE and
MMS (p=0.39). The defect/tumor size ratios were 1.96 (IQR:
1.44-3.36) for WLE and 1.68 (IQR: 1.23-2.80) for MMS (p = 0.07).
In a subgroup analysis, there was no significant difference between
MMS and the three WLE subgroups (excision margin <5, 5-10, or
>10 mm). Tumor size or previous skin cancer was not associated with
the risk of recurrence. Age above 74 years remained significant in the
sensitivity analysis, p < 0.05, whereas male sex did not, p = 0.05. The
results from the Cox regression are shown in Table 3.
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TABLE 1 Baseline characteristics of the included studies.
Mean age, Mean follow-up, Number of Number of Minors
Author Year Country Patients, no years months recurrences metastases score
Ang 2009 USA 86 71.8 82.8 2 0 11
Beer 2010 Australia 167 75.1 56.9 2 0 11
Davidson 2012 Canada 71 76.4 68.5 7 3 12
Flohil 2017 Netherlands 22 71.8 24.0 2 0 13
Hudson 1972 USA 15 52.3 18.5 0 0 7
Iglesias-Pena 2020 Spain 62 81.0 47.7 4 0 14
Kempson 1964 USA 19 66.3 90.5 2 0 13
Koch 2015 Germany 18 75.4 53.8 4 1 12
Limmer 1997 USA 6 71.5 32.5 0 0 8
Seavolt 2006 USA 11 75.1 29.5 0 0 8
Sloane 2015 UK 48 79.9 26.8 9 0 10
Thum 2013 UK 8 75.6 52.8 0 0 11
Wollina 2015 Germany 50 78.7 13.0 2 4 9
Wylie 2010 UK 15 80.4 30.5 1 0 8
Author & year Recurrences Person-years No. of patients Weights (%) & IR [95% CI]
Ang - 2009 2 593.53 86 P‘ 8.21% 0.00 [0.00, 0.01
Beer - 2010 2 792.5 167 - 8.21% 0.00 [0.00, 0.01
Davidson - 2012 7 397.17 68 L 3 9.87% 0.02[0.01, 0.04
Flohil - 2017 2 43.94 22 P———— 8.21% 0.06 [0.02, 0.20
Hudson - 1972 0 231.17 15 — 4.08% 0.00 [0.00, 0.03
Iglesias-Pena - 2020 4 246.42 62 L 9.24% 0.02[0.01, 0.05
Kempson - 1964 0 143.25 19 — 4.08% 0.00[0.00, 0.06
Koch - 2015 4 73.33 17 Co—— 9.24% 0.06[0.02, 0.15
Limmer - 1997 0 11.75 6 ; 4.08% 0.04[0.00, 0.68
Seavolt - 2006 0 27.02 11 ; 4.08% 0.02[0.00, 0.30
Sloane - 2015 9 109.29 48 Po—— 10.08% 0.09[0.05, 0.16
Thum - 2013 0 35.17 8 —_— 4.08% 0.01[0.00, 0.23
Wollina - 2015 5 49.83 46 P — 9.52% 0.11[0.05, 0.25
Wylie - 2010 1 35.62 15 —_—— 7.02% 0.04 [0.01, 0.21
RE Model (Q = 54.56, df = 13, p = 0.00; o= 77.3%) - 100.00% 0.02[0.01, 0.05]

0 0.1 0.2 0.3 0.4

Incidence Rate

FIGURE 2 A forest plot of the incidence rates of local AFX recurrence of the included studies. AFX, atypical fibroxanthoma.

3.5 | Progression to PDS

A total of eight patients initially diagnosed with AFX subsequently
developed metastasis and were therefore considered to have
progressed to PDS. The median age at diagnosis was 80 years
(IQR: 78-83) with a 1:1 male to female ratio. The primary AFX was
excised with WLE in 50% of the cases. The excision margin was only
reported in one patient. Five of the eight patients developed local
AFX recurrence before metastasis. This results in an overall risk of
subsequently progressing to PDS after local AFX recurrence of 13%
(95% Cl: 5.2-30). The regional metastases were localized to the skin
and subcutis (n = 3), regional lymph nodes (n = 1), and parotid gland

(n=2), and distant metastases were localized to the lungs (n=2),

suggesting both lymphatic and hematogenous spread.

4 | DISCUSSION

41 | Key results

To the best of our knowledge, this is the first attempt to identify risk
factors and provide follow-up suggestions for early detection of local
AFX recurrence and progression to PDS. The 5-year risk of local
recurrence was 7.4% (95% Cl: 1.7-12.9), and the 5-year risk of
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TABLE 2 Baseline characteristics of the included patients.

No Local AFX
recurrence recurrence Progression Total
(N =554) (N =36) to PDS (N =8) (N =598)
Age, years
Median 76.0 81.0 80.0 76.7
IQR 68.9, 83.0 77.5, 85.5 78.0, 83.0 69.0, 83.1
Sex
Female 112 (95.7%) 3 (2.6%) 2 (1.7%) 117 (22.0%)
Male 387 (90.6%) 27 (6.3%) 2 (0.5%) 416 (78.0%)
Location
Head and neck 462 (90.1%) 32 (6.2%) 8 (1.6%) 502 (93.8%)
Upper limbs 15 (100.0%) 0 (0.0%) 0 (0.0%) 15 (2.8%)
Truncus 5 (100.0%) 0 (0.0%) 0 (0.0%) 5 (0.9%)
Lower limbs 13(100.0%) 0 (0.0%) 0 (0.0%) 13 (2.4%)
Previous skin cancer
No 132 (91.7%) 9 (6.2%) 3 (2.1%) 144 (52.6%)
Yes 116 (89.2%) 9 (6.9%) 5 (3.8%) 130 (47.4%)
Surgery
MMS 136 (92.5%) 7 (4.8%) 4 (2.7%) 147 (24.9%)
WLE 410 (90.3%) 29 (6.4%) 4 (0.9%) 443 (75.1%)
Size, mm
Median 13.0 12.8 4.9 12.8
IQR 9.0, 19.9 10.0, 20.0 4.9,4.9 9.0, 20.0
Margin, mm
Median 3.0 3.0 0.0 3.0
IQR 1.0, 5.0 1.5,5.0 0.0, 0.0 1.0, 5.0
<5mm 96 (86.5%) 13 (11.7%) 1 (0.9%) 111 (64.9%)
5-10 mm 34 (87.2%) 5(12.8%) 0 (0.0%) 39 (22.8%)
>10 mm 20 (95.2%) 1 (4.8%) 0 (0.0%) 21 (12.3%)

Note: Percentages in the three subgroups (no recurrence, local AFX recurrence, and progression to PDS). are compared to the total.

Abbreviations: AFX, atypical fibroxanthoma; IQR, interquartile range; MMS, Mohs' micrographic surgery; PDS, pleomorphic dermal sarcoma; WLE, wide

local excision.

progression to PDS was 1.72% (95% Cl: 0-3.96). The risks of local AFX

4.2

Follow-up of patients with AFX

recurrence and progression to PDS after 2 years were 0.7% (95% ClI:
0-1.3) and 0.26% (95% Cl: 0-0.73). Age at presentation above 74 years
and male sex significantly and independently increased the risk of local
recurrence (HR: 7.31 [95% CI: 1.78-30.0], p < 0.01 and HR: 2.89 [95%
Cl: 1.04-8.01], p<0.05, respectively). There was no association
between increasing excision margin (5-10 mm, p=0.23 and >10 mm,
p=0.21) and the risk of local recurrence. There was no difference
between WLE and MMS with regard to local recurrence (p = 0.89). None
of the other investigated risk factors were significantly associated with

the risk of local recurrence.

A follow-up period of at least 2 years could be considered, as both
the risk of local AFX recurrence and progression to PDS after this
time point is <1%. Patients older than 74 years at presentation and
male patients should be followed more closely, as these groups have
a significantly increased risk of local recurrence. Metastases were
found both locoregionally in the skin, regional lymph nodes, and
parotid gland and in the lungs suggesting both lymphatic and
hematogenous spreading of the tumor. As 13% of the patients with
local AFX recurrence subsequently progress to PDS, a routine
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FIGURE 3 Kaplan-Meier plots showing risk of local AFX recurrence (A) and risk of progression to PDS (B). AFX, atypical fibroxanthoma;

PDS, pleomorphic dermal sarcoma.

TABLE 3 Results of the univariate, multivariate Cox regression and sensitivity analysis.
Univariate analysis Multivariate analysis Sensitivity analysis

Variable N, studies HR (95% ClI) p value N, studies HR (95% ClI) p value N, studies HR (95% ClI) p value
Margin (mm) 169, 5 529, 12 489, 9
<5 - -
5-10 1.27 (0.86-1.88) 0.23
>10 0.35(0.07-1.83) 0.21
Surgery 582, 14

WLE - -

MMS 0.89 (0.16-4.99) 0.89
Age (years) 575, 13

<74 - - o -

>74 5.88(1.85-18.7) <0.01* 7.31(1.78-30.0) <0.01* 6.46 (1.56-26.8) <0.05*
Sex 529, 12

Female - - - -

Male 2.66 (0.87-8.19) 0.09 2.89 (1.04-8.01) <0.05* 2.70(0.99-7.33) 0.05
Size (mm) 456, 11

<10 S =

10-20 1.42 (0.56-3.55) 0.46

>20 1.81(0.51-6.49) 0.36
Previous skin cancer 266, 8

No - -

Yes 1.16 (0.67-2.00) 0.60

Note: Asterisk indicates statistical significance. Immunosuppression could not be estimated due to the small sample size.

Abbreviations: Cl, confidence interval; HR, hazard ratio; MMS, Mohs' micrographic surgery; WLE, wide local excision.
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radiological examination of all patients with local AFX recurrence
could be considered. There was no difference between WLE and
MMS. The popularity of MMS has been due primarily to the greater
degree of skin preservation. In our cohort, the median defect/tumor
size ratios were 1.96 for WLE and 1.68 for MMS (p=0.07),
suggesting more tissue preservation after MMS. We found no
difference in the risk of recurrence between MMS and WLE, and
therefore MMS may be reasonable to use when the tumor is localized
in anatomical regions with close proximity to important structures

such as the ears, nose, lips, or near the eyes.'!

4.3 | Progression to PDS

The differentiation between AFX and PDS is challenging since the
tumors resemble each other both histopathologically and immuno-
histochemically. PDS is distinguished from AFX by features such as
histological invasion of the subcutaneous tissue, vascular or perineural
invasion, the presence of necrosis or local invasion/ metastases.>*? The
current consensus is that AFX does not metastasize”1; therefore, we
chose to consider the cases of metastasis as a progression of the
primary AFX diagnosis to a PDS. Whether this means that the patients
in our cohort who initially were diagnosed with AFX should have been
classified as a primary PDS or that the patients had a nonradically
excised primary AFX that subsequently progressed to a PDS is therefore
debatable. We did not include patients diagnosed with primary PDS, as
the purpose of the study was to evaluate the risk of progression in a

cohort of patients solely with primary AFX.

4.4 | Limitations

The results of our meta-analysis have some limitations. First, AFX is
an exclusion diagnosis with an inherent risk of misclassification. Some
of the tumors presented in our meta-analysis could potentially
represent tumors other than AFX, and other excluded tumors could
have been AFXs misclassified as other tumors. However, it is most
likely that non-AFX tumors would have been diagnosed either
clinically, histopathologically, or immunohistochemically, and with
598 patients included, the risk of misclassifications in both directions
is assumed to be balanced. Second, the excision margins were often
described as the most proximal distance to the border of the tumor.
A more detailed description of both lateral and deep margins, the
underlying tissue (e.g., fascia and periosteum) and the number of
cases with positive margins on final pathology, and the subsequent
number of re-excisions due to infiltrated margins was not reported
sufficiently to be included in the analysis. AFX has previously been
described as difficult to excise radically due to its protuberant growth
pattern. Some of the tumors in our data set could therefore have
been non-radically excised, which could explain the nonsignificant
effect of a wide excision margin. Third, there is a risk that
metastases/progression to PDS is not being reported, as some

authors consider this tumor a different entity than AFX. This could

of
SURGICAL ONCOLOGY.

underestimate the risk of progression to PDS. However, metastasis
after excision of a tumor is considered a serious event and is
therefore assumed to be reported if this occurred. Fourth, the
analysis was limited by missing data despite the large sample size.
The missing data was handled by analyzing only complete cases. In
the multivariate analysis the proportion of missing data was
approximately 10% and the estimates were considered. However,
the proportions of missing data in the estimates involving excision
margin and previous skin cancer were severe (>50%) and should be
interpreted with caution. Fifth, the included studies showed
substantial heterogeneity, and the exact diagnostic criteria of AFX
where not specifically stated in the included studies. The results
of the meta-analysis should be interpreted with caution and
further studies with homogenous AFX populations diagnosed with
strict diagnostic criteria are needed to verify the results of this

meta-analysis.

5 | CONCLUSION

The 5-year risks of local AFX recurrence and progression to PDS
were relatively low (7.4% and 1.7%, respectively). A closer follow-up
of patients >74 years old and males could be considered due to an
increased risk of local AFX recurrence. MMS could be a reasonable
option in cosmetically sensitive areas due to the higher degree of

tissue preservation.
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