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Abstract

Background Immunotherapy advances for the treatment of cutaneous melanoma question its efficacy in treating

anorectal mucosal melanoma (ARMM). We aimed to identify the prevalence, current management, and overall

survival (OS) for ARMM.

Methods Review of patients with ARMM from 2004 to 2015 National Cancer Database. Factors associated with

immunotherapy were identified using multivariable logistic regression. The primary outcome was 2- and 5-year OS.

Subgroup analysis by treatment type was performed.

Results A total of 1331 patients were identified with a significant increase in prevalence (2004: 6.99%, 2015:

10.53%). ARMM patients were older, white, on Medicare, and from the South. The most common treatment was

surgery (48.77%), followed by surgery ? radiation (11.75%), surgery ? immunotherapy (8.68%), and

surgery ? chemotherapy (8.68%). 16.93% of patients received immunotherapy, with utilization increasing (7.24%:

2004, 21.27%: 2015, p\ 0.001). Patients who received immunotherapy had a significantly better 2-year OS (42.47%

vs. 49.21%, p\ 0.001), and other therapies did not reveal a significant difference. Adjusted analysis showed no

difference in 2- and 5-year OS based on therapy type.

Conclusion The prevalence of ARMM has increased. The use of immunotherapy has increased substantially. Some

survival benefit with the administration of immunotherapy may exist that has yet to be revealed. A more aggressive

treatment paradigm is warranted.

Introduction

Anorectal mucosal melanoma (ARMM) is a rare, poorly

understood, and highly lethal malignancy. Five-year over-

all survival (OS) is dismal, ranging between 20 and 22%,

with disease-free survival of 16% to 17% [1–8]. ARMM
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accounts for between 1 and 2% of lower gastrointestinal

malignant lesions, 1.3% of all melanomas, and 16.5% of

mucosal melanomas [1, 2, 9]. Mucosal melanomas (MM)

arise from non-hair-bearing mucosal surfaces of the body

and themselves account for only 1–2% of all melanomas in

the USA, the majority being cutaneous melanoma (CM)

[10]. MM have been shown to be both clinically and

genetically distinct from CM [11, 12], with far worse stage-

matched prognosis [13].

The rarity of ARMM has restricted prior studies to rel-

atively small patient cohorts, with the largest study to date

containing a sample size of only 260 patients [14]. As with

any rare disease, it is subsequently difficult to determine

the optimal management and therapeutic protocols. Much

debate has previously been held as to the extent of surgical

debridement, whether or not a full lymph node dissection

should be performed, and the utility of neoadjuvant and

adjuvant therapies. Current data suggest that there is no

difference in OS after local resection or radical resection

[2, 15, 16], and that lymphadenectomy also has no positive

impact on survival [17]. Although the effect of traditional

adjuvant radiation therapy has been questioned and sug-

gested not to improve survival [18], there have been recent

endeavors to develop and improve additional systemic

therapies, including chemotherapy, immunotherapy, target

therapy, and antiangiogenic therapies. Some success has

been observed in patients with CM, with the FDA first

approving IL-2 blockers for use in malignant melanoma in

199 [8, 19]; however, this has yet to be seen in ARMM or

in other forms of MM.

No study to date has looked at a large sample of ARMM

patients and compared their OS based upon their definitive

management. This study aims to investigate the prevalence

of ARMM and to assess the trends in practice.

Materials and methods

Data source

This was a retrospective analysis using the National Cancer

Database (NCDB) from 2004 to 2015. This nationwide

clinical oncology database is sponsored by the American

College of Surgeons and the American Cancer Society, and

captures over 70% of newly diagnosed cancer patients

from more than 1500 Commission on Cancer (CoC)

accredited facilities [20]. The Johns Hopkins University

School of Medicine Institutional Review Board approved

this study.

Inclusion and exclusion criteria

Adults diagnosed with ARMM (International Classification

of Diseases for Oncology, 3rd edition [ICD-0 3] histology

codes of 8720, 8721, 8722, 8723, 8730, 8743, 8745, 8746,

8770, 8771, and 8772) were included in the study. Patients

with missing information on treatment type were excluded.

Patients were stratified based on treatment type.

Baseline characteristics

Patient demographic characteristics included age at diag-

nosis (\50, 50–59, 60–69, 70–79, C80), sex, race (White,

Black, Other, or Unknown), Spanish/Hispanic ethnicity,

education, median household income, medical insurance

status (private, Medicare, Medicaid, other government,

none, or unknown), population density of patient residence

(metro, urban, rural, or unknown), and distance from

patient’s zip code to location of admitting hospital (\5,

5–10, 10–25, or C25 miles). Patient education and income

were used as proxy for patient’s socioeconomic status and

were estimated by matching patient’s zip code of residence

with the American Community Survey data. The NCDB

reports education as a percentage of no high school com-

pletion with the following predetermined categories:\7%,

7–12.9%, 13–20.9%, or C21%. Income is adjusted for

2012 inflation and categorized as less than $38,000,

$38,000-$47,999, $48,000–62,999, or more than $63,000.

Patient clinical and oncologic characteristics included

Charlson–Deyo Score used as surrogate for patients

comorbidities (0, 1, or C2), nodes (negative, positive, or

unknown), tumor size (\3, 3–4.9, or C5 cm), and margins

(negative, positive, or unknown). Treatment types included

immunotherapy, surgery, chemotherapy, and radiation

therapy—all treatment types were administered in no par-

ticular sequence and at any point in time following the

diagnosis. Treatment comparisons were performed for:

immunotherapy versus no immunotherapy, surgery alone

versus surgery ? immunotherapy, surgery alone versus

surgery ? other treatment, and for no surgery versus local

excision versus radical resection. Information related to

cancer stage and grade differentiation was omitted due to

missing data.

Hospital characteristics included hospital type (com-

munity cancer program, academic/research program

including NCI-designated comprehensive cancer centers,

integrated network cancer program, or unknown) and

hospital geographic region that was defined according to

the Census regions and division of the USA (Northeast,

South, Midwest, West, or unknown) [21].
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Outcomes and statistical analysis

The primary outcome was 2- and 5-year OS. Pearson’s v2

test was used for categorical variables. Multivariable

logistic regression analysis was used to identify factors

associated with administration of immunotherapy and

included variables with p\ 0.25 in univariate analysis as

recommended by Hosmer and Lemeshow [22]. OS was

defined as ‘‘time in months from diagnosis to either death

or last follow-up date.’’ Note that, in the NCDB, vital status

is only available for patients diagnosed up to and including

year 2014. Survival analysis was performed for all patients

and for each treatment type. Kaplan–Meier method with

log-rank test was utilized to compare survival curves

between treatment groups. Cox proportional hazard model

was used to examine the impact of treatment type on OS

while adjusting for other factors. Statistical significance

was considered as p\ 0.05. Statistical analysis was per-

formed with Stata/MP version 14 (StataCorp LP, College

Station, TX, USA).

Results

Study cohort

Between 2004 and 2015, the NCDB captured 412,662

anorectal (anal, anal canal, anorectum, rectum, and rec-

tosigmoid junction) cancer diagnoses in the USA, includ-

ing 1333 melanoma cases analyzed in this study. The

diagnosed patients were predominately older (median of

68 years), white (87.97%), on Medicare (51.26%), and

from the South (36.55%).

Prevalence and treatment trends

A significant increase in prevalence of ARMM has been

observed (from 6.99% in 2004 to 10.53% in 2015,

p\ 0.001; denominator being total number of ARMM

diagnoses in the NCDB between 2004 and 2015). Out of all

treatment types, the most common treatment was surgery

alone (48.77%), followed by surgery with radiation

(11.75%), surgery with immunotherapy (8.68%), and sur-

gery with chemotherapy (8.68%) (Fig. 1). Utilization of

chemotherapy and radiation therapy has been consistent

throughout the last decade; however, surgery and, espe-

cially, immunotherapy have been on the rise (7.18% in

2004 to 9.76% in 2015, p\ 0.01; 7.24% to 21.27%,

p\ 0.001; respectively) (Fig. 2). While surgical treatment

increased gradually, immunotherapy increased rapidly

starting in 2013.

Factors associated with immunotherapy

A total of 221 (16.93%) patients received immunotherapy,

with the median time from diagnosis to administration of

immunotherapy of 76 days (IQR 53–119 days).

Immunotherapy was recommended, but not administered to

15 patients due to either their or their family mem-

ber/guardian refusal. Immunotherapy was contraindicated

in 14 patients due to patient risk factors (i.e., comorbid

conditions, advanced age). Patients who received

immunotherapy tended to be younger, have private insur-

ance, and be treated in an academic/research hospital

(Table 1). After adjusting for other factors, younger age

(C80-ref; [50 OR 8.41, 95% CI 3.87–18.26, p\ 0.001;

50–59: OR 3.86, 95% CI 1.89–7.88, p\ 0.001; 60–69: OR

4.21, 95% CI 2.12–7.99, p\ 0.001; and 70–79: OR 1.93,

95% 1.01–3.70, p = 0.047), positive nodes (negative-ref;

OR 1.99, 95% CI 1.19–3.34, p\ 0.01), and larger tumor

size (\3 cm-ref; 3–4.9 cm: OR 1.63, 95% CI 1.05–2.55,

p = 0.03; C5 cm: OR 1.66, 95% CI 1.04–2.65, p = 0.03)

were identified as independent predictors of immunother-

apy treatment (Table 2).

Overall survival

Two- and five-year OS rates were 43.57% and 20.50%,

respectively, with median OS of 19.35 months. Patients

who received immunotherapy had significantly better

2-year OS rates (49.21% vs. 42.47%, respectively,

p = 0.03) than those without immunotherapy (Fig. 3).

However, 5-year OS was comparable between patients

with and without immunotherapy (19.18% vs. 20.73%,

p = 0.23). Patients who received immunotherapy lived

about 5 months longer than those who did not

(23.36 months vs. 18.56 months). Comparison of surgery

alone versus surgery and immunotherapy, and surgery

alone versus surgery and other treatments did not show any

significant advantage of one treatment over the other in 2-

and 5-year OS (Figs. 4, 5). Having any surgical interven-

tion (local excision or radical resection) offered better OS

than having none (Fig. 6). However, there was no signifi-

cant difference in either 2- or 5-year OS between the local

excision and radical resection (p = 0.28 and p = 0.89,

respectively). Consistent with the Kaplan–Meier results,

unadjusted Cox proportional hazard analysis revealed that

patients who received immunotherapy had significantly

better 2-year OS (HR 0.78, 95% CI 0.62–0.97, p = 0.03),

and patients undergoing surgical intervention had better 2

and 5-year OS when compared with non-surgical patients

(Table 3). The latter was seen even after adjusting for other

factors; however, adjusted analysis showed no difference in

2- and 5-year OS between the other studied treatment

types.
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Discussion

To our knowledge, this is the largest retrospective cohort

analysis of patients with ARMM, with 1333 patients ana-

lyzed. A significant increase in the prevalence of ARMM is

observed between 2004 and 2015, a finding which is mir-

rored in previous epidemiological studies [14]. Although it

is unclear as to whether this increase in ARMM prevalence

represents improved screening and detection, this trend has

interestingly been shown to mirror the increase in CM

diagnoses [23, 24]. Although the age, race, and gender

observations reflect prior studies, the correlation with lat-

itude is something that has been strongly debated. Callahan

and colleagues discovered a positive trend of ARMM with

Southern latitude in their 2015 study [14]; however,

Weinstock found a significant association of ARMM with

Northern latitude [23]. Meanwhile, a Norwegian study did

not demonstrate any association between latitude and

ARMM [25]. As such, the jury remains out as to whether

latitude plays a real impact in the development of ARMM.

This study is the first, to the authors’ knowledge, to

examine the management practice for patients diagnosed

with ARMM and to scrutinize the factors associated with

management selection. Surgery remains the most common

treatment, either alone or in combination with radiation

therapy, chemotherapy, or immunotherapy. The data on the

Fig. 1 Utilization of treatment for anorectal melanoma, 2004–2015 (immunotherapy p\ 0.001; surgery p\ 0.01; chemotherapy p = 0.18;

radiation p = 0.05)

Fig. 2 Utilization of treatment

types for anorectal melanoma,

2004–2015
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Table 1 Demographic, clinical, and operative characteristics of patients diagnosed with anorectal melanoma stratified by receipt of

immunotherapy

Factor [n (%)] No immunotherapy

1084 (83.07)

Immunotherapy

221 (16.93)

p

Demographic factors

Age-group (years) \0.001

\50 88 (8.12) 50 (22.62)

50–59 181 (16.70) 52 (23.53)

60–69 244 (22.51) 68 (30.77)

70–79 316 (29.15) 37 (16.74)

C80 255 (23.52) 14 (6.33)

Female 650 (59.96) 130 (58.82) 0.75

Race 0.46

White 952 (87.82) 196 (88.69)

Black 52 (4.80) \10 (\4.5)a

Other 64 (5.90) 16 (7.24)

Unknown 16 (1.48) \10 (\4.5)a

Origin 0.61

Non-Spanish/Hispanic 963 (88.84) 193 (87.33)

Spanish/Hispanic 78 (7.20) 16 (7.24)

Unknown 43 (3.97) 12 (5.43)

High school failure rate (%) 0.41

\7.0 292 (26.94) 61 (27.60)

7–12.9 335 (30.90) 79 (35.75)

13.0–20.9 256 (23.62) 51 (23.08)

C21 187 (17.25) [25 ([11.3)

Unknown 14 (1.29) \10 (\4.5)a

Median household income ($) 0.68

C63,000 352 (32.47) 74 (33.48)

62,999–48,000 291 (26.85) 68 (30.77)

47,999–38,000 258 (23.80) 47 (21.27)

\38,000 169 (15.59) [25 ([11.3)

Unknown 14 (1.29) \10 (\4.5)a

Insurance type \0.001

Private 353 (32.56) 122 (55.20)

Medicare 603 (55.63) 66 (29.86)

Medicaid 44 (4.06) \10 (\4.5)a

Other Government 17 (1.57) \10 (\4.5)a

Uninsured 32 (2.95) \10 (\4.5)a

Unknown 35 (3.23) 18 (8.14)

Patient residence 0.01

Metro 881 (81.27) 193 (87.33)

Urban/Rural 167 (87.89) [20 ([9.0)

Unknown 36 (3.32) \10 (\4.5)a

Distance to hospital (mi) 0.43

0–5 296 (27.31) 48 (21.72)

5–10 183 (16.88) 44 (19.91)

10–25 250 (23.06) 56 (25.34)

C25 341 (31.46) [70 ([31.7)

Unknown 14 (1.29) \10 (\4.5)a
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Table 1 continued

Factor [n (%)] No immunotherapy

1084 (83.07)

Immunotherapy

221 (16.93)

p

Clinical/oncologic factors

Charlson–Deyo Score 0.06

0 879 (81.09) 193 (87.33)

1 157 (14.48) [20 ([9.0)

C2 33 (4.43) \10 (\4.5)a

Surgery 0.03

No 198 (18.27) 48 (21.72)

Yes 862 (79.52) 162 (73.30)

Unknown 24 (2.21) 11 (4.98)

Radiation therapy 0.62

No 819 (75.55) 168 (76.02)

Yes 257 (23.71) [50 ([22.6)

Unknown \10 (\4.5)a \10 (\4.5)a

Chemotherapy 0.61

No 822 (75.83) 164 (74.21)

Yes 218 (20.11) [45 ([20.4)

Unknown 44 (4.06) \10 (\4.5)a

Nodes \0.001

Negative 166 (15.31) 27 (12.22)

Positive 213 (19.65) 76 (34.39)

Unknown/unexamined 705 (65.04) 118 (53.39)

Tumor size (cm) 0.05

\3 323 (29.80) 50 (22.62)

3–4.9 240 (22.14) 57 (25.79)

C5 199 (18.36) 53 (23.98)

Unknown 322 (29.70) 61 (27.60)

Margins 0.50

Negative 572 (52.77) 107 (48.42)

Positive 202 (18.63) 45 (20.36)

Unknown 310 (28.60) 69 (31.22)

Hospital factors

Hospital type \0.01

Community cancer program 464 (42.80) 77 (34.84)

Academic/research program 474 (43.73) 113 (51.13)

Integrated network cancer program 122 (11.25) 19 (8.60)

Unknown 24 (2.21) 12 (5.43)

Hospital geographic location 0.02

Northeast 211 (19.46) 45 (20.36)

South 393 (36.25) 84 (38.01)

Midwest 249 (22.97) 35 (15.84)

West 207 (19.10) 45 (20.36)

Unknown 24 (2.21) 12 (5.43)

aNCDB prohibits to report cells with\10 cases
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subtype of surgery support the findings from multiple prior

studies demonstrating no survival benefit with any one

particular surgical approach [2, 15, 26]. What is of interest

is the significant increase in immunotherapy treatment,

with 7.24% of patients receiving immunotherapy in 2004,

compared to 21.27% of patients in 2015. These trends

likely reflect the development and success of immunolog-

ical checkpoint blockade and target therapies for manage-

ment of malignant CM. Ipilimumab, an antibody to

cytotoxic T-lymphocyte-associated protein-4, was the first

agent shown to improve OS in a phase-III, randomized

control trial of patients with malignant melanoma [27, 28].

In addition to ipilimumab, inhibitors of mutant B-RAF,

MEK-1/2, and KIT have also been developed successfully

for the management of malignant melanoma. Dabrafenib, a

reversible ATP-competitive inhibitor that selectively inhi-

bits B-RAF, has demonstrated significantly increased OS in

patients with mutant B-RAF [29]. C-Kit expression has

been shown by immunohistochemistry to exist in most

melanomas. Although early studies of c-Kit blockers such

as imatinib were unsuccessful in the treatment of malignant

melanoma [30, 31], imatinib, sunitinib, sorafenib, dasa-

tinib, and other c-Kit blockers have demonstrated activity

against malignant MM, which is thought to be due to an

increased frequency of KIT aberrations of amplifications in

MM compared to CM [11, 32–37]. Further success has

been seen with the use of anti-PD1, anti-PDL 1, and anti-

PDL 2 drugs in metastatic melanoma. Le Min reported one

case of anti-PD1 treatment in a patient with advanced MM

with a durable near-complete response [38], and a further

case report by Tokuhara and colleagues also showed a

marked response to PD1 inhibitors [39]. Despite the suc-

cess experienced in these case reports and small studies,

some anecdotal evidence of rapid disease progression with

the use of immunological therapies has been reported in the

literature [40]. This further highlights the value of this

article and the need for long-term observation of the effect

of immunotherapy upon survival in MM.

Our results suggest that those patients most likely to

receive immunotherapy as part of their treatment regimen

include those who are younger, with larger tumors, and

positive lymph nodes. This suggests that immunotherapy is

being utilized and/or reserved for those patients with more

advanced disease. Overall, 2-year and 5-year OS rates were

43.57% and 20.50%, respectively, with a median OS of

19.35 months. Those patients who did receive

immunotherapy had significantly better 2-year OS com-

pared to those who did not receive immunotherapy

(49.21% vs. 42.47%, Fig. 3), and on average lived about

5 months longer (23.36 vs. 18.56 months). Despite this,

5-year OS was comparable between patients treated with

and without immunotherapy, suggesting that the benefits of

current immunotherapy regimens and drugs may be

Table 2 Factors associated with immunotherapy for patients diag-

nosed with anorectal melanoma

Factor [n (%)] OR (95% CI) p

Demographic factors

Age-group (years)

C80 Reference \0.001

\50 8.41 (3.87–18.26) \0.001

50–59 3.86 (1.89–7.88) \0.001

60–69 4.21 (2.12–7.99) 0.047

70–79 1.93 (1.01–3.70)

Insurance type

Medicare Reference 0.17

Private 1.36 (0.88–2.13) 0.16

Medicaid 0.50 (0.19–1.32) 0.64

Other Government 0.73 (0.19–2.74) 0.43

Uninsured 0.67 (0.24–1.82) \0.01

Unknown 3.08 (1.51–6.27)

Patient residence

Urban/rural Reference 0.08

Metro 1.55 (0.94–2.56) 0.88

Unknown 0.92 (0.31–2.74)

Clinical/oncologic factors

Charlson–Deyo Score

C2 Reference 0.31

0 1.73 (0.60–4.99) 0.47

1 1.51 (0.49–4.71)

Nodes

Negative Reference \0.01

Positive 1.99 (1.19–3.34) 0.38

Unknown/unexamined 1.24 (0.77–2.00)

Tumor size (cm)

\3 Reference 0.03

3–4.9 1.63 (1.05–2.55) 0.03

C5 1.66 (1.04–2.65) 0.23

Unknown 1.30 (0.85–2.00)

Hospital factors

Hospital type

Community cancer program Reference 0.23

Academic/research program 1.24 (0.87–1.77) 0.94

Integrated network cancer program 0.98 (0.55–1.74) 0.64

Unknown 1.24 (0.50–3.12)

Hospital geographic location

Midwest Reference 0.52

Northeast 1.18 (0.71–2.00) 0.12

South 1.44 (0.91–2.26) 0.16

West 1.45 (0.87–2.42)

Unknown –

OR odds ratio, CI confidence interval
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observed only in the short term. What is important to note

is that the data from the NCDB regarding vital status are

only available for patients diagnosed up to and including

2014, which means the effects of the large increase in

immunotherapy use in 2015 are not reflected at present.

When comparing surgery alone with surgery ? im-

munotherapy or surgery ? additional therapy, no signifi-

cant advantage was observed in 2- or 5-year OS (Figs. 4,

5).

The current strategy of surgery with or without neoad-

juvant or adjuvant therapy results in a dismal OS, with only

20% surviving to 5 years [41]. The aggressive nature of

ARMM and the continued poor outcomes, with no

improvement observed over the past five decades [42],

warrants a new approach to management. Efforts at

screening for CM have resulted in diagnosis at earlier

stages and improved survival; however, no such advances

have been made in MM due to the rarity of the disease.

What is clear is that ARMM is a heterogeneous disease,

with many potential molecular targets for chemotherapy.

The observed improvement in 2-year OS with

immunotherapy seen in this study may suggest that the

benefits of this approach are just beginning to surface, and

that with more time, a greater effect may be apparent. An

individualized approach to treatment is warranted, with

molecular analysis to identify the appropriate target

therapy.

This study has several limitations that are important to

discuss. Firstly, this is a retrospective review of a data that

is drawn from the NCDB database that relies on accurate

coding of Current Procedural Terminology codes.

Fig. 3 Kaplan–Meier curves of 2- and 5-year overall survival rates

for patients who received immunotherapy versus those who did not

Fig. 4 Kaplan–Meier curves of 2- and 5-year overall survival rates

for surgery alone versus surgery ? immunotherapy. *Indicates

n\ 10

Fig. 5 Kaplan–Meier curves of 2- and 5-year overall survival rates

for surgery alone versus surgery ? additional treatment type

Fig. 6 Kaplan–Meier curves of 2- and 5-year overall survival rates

for no surgery versus local excision versus radical resection. *Indi-

cates n\ 10
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Unfortunately, the tumor grade or stage of the ARMM was

not recorded in the database, which limits the ability to see

whether treatment strategy varies by stage. The finding of

tumor size being a predictor for immunotherapy protocol

should be interpreted with caution, as 30% of patients had

no information on the size of the tumor. In addition, as

previously mentioned, there are no data on vital status for

2015, which restricts analysis of the longer-term effect of

immunotherapy. A further limitation lies in the lack of

detail on the subtype, or dosage, of any immunotherapy or

pharmaceutical agents used to treat MM. Despite all these

limitations, the numerous strengths of the NCDB overcome

many of the weaknesses of administrative or billing data-

sets. First of all, NCDB is the largest colorectal cancer

database in the world [43]. Secondly, it contains more

detailed information on specific clinical cancer pathology,

treatment, hospital level factors, and sociodemographic

factors.

Conclusion

This study confirms that the 2- and 5-year OS for ARMM

remains dismal, despite the development and increase in

the use of adjuvant therapies. While surgery remains the

optimal treatment option, it is in essence a palliative pro-

cedure, with no significant improvement in OS observed

with the addition of any adjuvant therapy. The utilization

Table 3 Overall survival rates, median survival time and Cox proportional hazard models (impact of treatment type on overall survival)

2-year OS

% (95% CI)

5-year OS

% (95% CI)

Median

OS

months

Unadjusted

2 year/5 year

HR (95% CI)

Adjusted

2 year/5 year

HR (95% CI)

All patients 43.57 (40.65–46.44) 20.50 (17.82–23.07) 19.35

No immunotherapy 42.47 (39.29–45.61) 20.73 (17.92–23.69) 18.56 Reference Reference

Immunotherapy 49.21 (41.40–56.54) 19.18 (13.11–26.12) 23.36 0.78 (0.62–0.97)/0.89

(0.74–1.08)

1.06 (0.83–1.35)a/1.22

(0.99–1.50)b

Surgery alone 51.08 (46.56–55.41) 25.39 (21.27–29.70) 25.33 Reference Reference

Surgery ? immunotherapy 59.02 (47.28–68.99) 19.01 (10.59–29.30) 28.91 0.77 (0.53–1.11)/0.97

(0.73–1.28)

0.94 (0.62–1.42)c/1.20

(0.8–1.65)d

Surgery alone 51.08 (46.56–55.41) 25.39 (21.27–29.70) 25.33 Reference Reference

Surgery ? other 47.58 (42.42–52.55) 21.74 (17.29–26.54) 21.39 1.09 (0.90–1.31)/1.07

(0.91–1.25)

1.14 (0.92–1.40)e/1.13

(0.95–1.36)f

No surgery 19.63 (14.66–25.14) 6.72 (3.22–11.99) 7.56 Reference Reference

Local excision 50.93 (46.70–55.01) 22.66 (18.86–26.67) 24.31 0.34 (0.28–0.40)/0.37
(0.30–0.46)

0.43 (0.31–0.59)g/0.47
(0.32–0.69)h

Radical resection 47.00 (41.46–52.16) 24.90 (20.16–29.90) 21.59

0.39 (0.33–0.47)/0.40
(0.33–0.47)

0.48 (0.36–0.64)g/0.44
(0.32–0.62)h

OS overall survival, HR hazard ratio, CI confidence interval

Bold indicates statistical significance (p\ 0.05)
aAdjusted for factors with p\ 0.250 from unadjusted analysis: age, gender, race, Spanish origin, high school failure, household income,

insurance, distance to hospital, Charlson–Deyo, radiation, chemo, hospital type, and hospital geographic location
bAdjusted for factors with p\ 0.250 from unadjusted analysis: age, gender, race, Spanish origin, high school failure, household income,

insurance, patient residence, distance to hospital, Charlson–Deyo, chemotherapy, nodes, hospital type, and hospital geographic location
cAdjusted for factors with p\ 0.250 from unadjusted analysis: age, high school failure, insurance, Charlson–Deyo, nodes, and hospital

geographic location
dAdjusted for factors with p\ 0.250 from unadjusted analysis: age, race, high school failure, household income, insurance, Charlson–Deyo,

nodes, tumor size, margins, hospital type, and hospital geographic location
eAdjusted for factors with p\ 0.250 from unadjusted analysis: age, race, Spanish origin, high school failure, insurance, distance to hospital,

Charlson/Deyo, nodes, margins, hospital type, and hospital geographic location
fAdjusted for factors with p\ 0.250 from unadjusted analysis: age, race, Spanish origin, high school failure, household income, insurance,

distance, Charlson–Deyo, nodes, tumor size, margins, hospital type, and hospital geographic location
gAdjusted for factors with p\ 0.250 from unadjusted analysis: age, race, Spanish origin, insurance, distance to hospital, Charlson–Deyo, nodes,

tumor size, margins, hospital type, and hospital geographic location
hAdjusted for factors with p\ 0.250 from unadjusted analysis: age, race, Spanish origin, high school failure, insurance, distance to hospital,

Charlson–Deyo, nodes, tumor size, margins, hospital type, and hospital geographic location
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of immunotherapy has increased in the past few years, and

2-year OS is significantly enhanced compared to those who

do not receive the treatment. Immunotherapy does not

appear to impact 5-year OS; however, more time is

required to see whether the survival is impacted, hopefully

shifting the management of ARMM from palliative to

curative.

A change in paradigm in the management of ARMM is

necessary in an attempt to improve survival. Personalized

molecular analysis should be performed to identify patients

with specific genetic mutations that might be an appropri-

ate target for immunotherapeutic agents or specific target

therapies, which have shown promise in early clinical

trials.
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