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Abstract

Introduction: Checkpoint inhibitors have improved outcomes in metastatic melanoma, with 4-
year overall survival (OS) of 46% for anti-PD-1 alone or 53% in combination with anti-CTLA-4.
However, the median progression free survival is 6.9 and 11.5 months, respectively. Many who
progress have gone on to alternative treatments, including surgery, yet the outcome of patients
selected for surgery after checkpoint blockade remains unclear.

Methods: Patients who were treated with checkpoint blockade from 2003 to 2017, followed by
metastasectomy, were identified from a prospectively maintained institutional melanoma database.
Response to immunotherapy was assessed at the time of surgery. Patients were categorized as
having responding, isolated progressing, or multiple progressing lesions.
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Results: Of the 237 total patients identified, 208 (88%) had stage 1V disease and 29 (12%) had
unresectable stage 111 disease at the start of immunotherapy. Median OS following first resection
was 21 months. Median follow-up among survivors was 23 months. Complete resection at the first
operation (n=87, 37%), was associated with improved survival compared with patients with
incomplete resection (n=150, 63%) (median OS not reached (NR) versus 10.8 months,
respectively; 95% ClI: 7.3,14.8; p<0.0001). Patients resected for an isolated progressing or
responding tumor had a longer median survival compared to those with multiple progressing
lesions (NR versus 7.8 months, 95% ClI: 6.2,11.2; p<0.0001).

Conclusion: Patients selected for surgical resection following checkpoint blockade have a
relatively favorable survival, especially if they had a response to immunotherapy and undergo
complete resection of isolated progressing or responding disease.
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INTRODUCTION

Prior to the introduction of effective systemic therapies, surgical resection of metastatic
melanoma in selected patients has been associated with long term survival.1-10 For example,
the SWOG 9430 trial reported a 4-year overall survival (OS) of 31% in patients with
completely resected disease.1! In addition, follow-up data from the Multicenter Selective
Lymphadenectomy Trial (MSLT-I) demonstrated an improved 4-year OS in patients chosen
for surgery as a component of treatment (21% vs 7% for systemic treatment alone).12

The rationale for surgical resection in patients with stage IV melanoma is also supported by
a phase 111 randomized trial evaluating the efficacy of an allogenic melanoma vaccine,
Canvaxin plus BCG, compared to BCG alone, following complete resection of all metastatic
sites.13 While the trial did not demonstrate a survival difference between Canvaxin and
BCG, there was a notable 43% 5-year OS in both treatment arms following complete
surgical resection of up to five sites of metastatic disease. These data also suggest the
possibility of improved survival in the context of appropriate surgical selection and possibly
an immunotherapy agent.1-9.11-13

The emergence of effective systemic therapies in the form of both targeted therapy and
checkpoint blockade, has revolutionized the treatment of patients with advanced Stage 1l
and Stage IV melanoma.14-19 Recently patients with advanced melanoma treated with the
combination of nivolumab and ipilimumab had a 4-year OS of 53%, compared to 46% in
those treated with nivolumab alone or 30% in those treated with ipilimumab alone.20
However, the median progression free survival (PFS), even in the combination anti-CTLA-4
and anti-PD-1 group, was 11.5 months; meaning that approximately 50% of patients will
recur by one year. At present there is no standardized approach to address the role of surgery
in stage IV melanoma. Therefore, clinicians are faced with the challenge of deciding
between additional systemic treatment or surgical resection, which is still largely
individualized. The aim of this study is to describe the outcomes of patients who underwent
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surgery after checkpoint blockade, to provide a framework for more informed patient
selection for metastasectomy in the future.

METHODS

This study was approved by the institutional review board at Memorial Sloan Kettering
Cancer Center (MSKCC). A total of 1615 patients with cutaneous, ocular, mucosal, acral
and unknown primary melanoma who underwent treatment with checkpoint inhibitor
therapy (CPI) from 2003 to 2017 were retrospectively identified from a prospectively
maintained database. CP1 was defined as any single agent or combination use of CTLA-4,
PD-1 and PD-L1 blockade. There was no standardized number of doses nor duration of CPI
treatment for these patients. Database query for “surgical intervention” after CPI identified
596 patients who had surgical intervention after at least one dose of CPI. Of these, 355
patients were excluded for diagnostic and/or non-therapeutic procedures, such as mediport
placement, endoscopy, biopsy, and tube thoracoscopy. Two additional patients were
excluded with advanced Stage Il mucosal melanoma. The final cohort of patients included in
this study were 237 patients with advanced Stage 11 or Stage IV melanoma who underwent
treatment with checkpoint inhibitor therapy followed by metastasectomy. Unresectable or
advanced stage 111 melanoma was defined at the time of treatment, by review of the
multidisciplinary melanoma disease management team, as patients with large lymph nodes,
and/or numerous in-transit lesions.

Clinical and pathologic factors examined included age, sex, location of primary melanoma,
preoperative neutrophil to lymphocyte ratio (NLR), site of metastatic disease, type of CPI,
response to CPI, and site of surgical resections. Age and NLR were analyzed as continuous
variables. NLR was calculated by dividing the absolute neutrophil count by the absolute
lymphocyte count. All patients had a NLR recorded within six weeks prior to surgery; NLR
closest to first resection was used as the preoperative NLR measurement.

Overall survival (OS) was defined as the time from the date of first surgical resection after
CPI to the date of death or last follow-up. OS was evaluated using Kaplan Meier method
stratified by response to CPIl and compared using the log-rank test. Univariate Cox
regression model was used to examine the association of age at first resection, sex,
preoperative NLR, resection to NED, and response group categorization. Characteristics
significant on univariate analysis with a p value of <0.10 were entered into a multivariate
Cox proportional hazards model. A p-value of <0.05 was considered significant in this study.
Statistical analysis was performed using SAS (version 9.2, Cary, NC, USA).

Distant disease-free interval (DFI) was evaluated using Kaplan Meier method and calculated
from date of initial melanoma diagnosis to date of stage IV diagnosis. Patients with stage 111
disease (n=29) and those with stage IV disease at diagnosis, or no history of primary
melanoma (n=31), were excluded from the distant DFI analysis, which left a cohort of 177
patients. Patients with a history of more than one primary melanoma had their most
advanced lesion used for the calculation of DFI.
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All pathologic specimens were evaluated by dermatopathologists at our institution. Pre-
operative biopsy confirming metastatic melanoma was not performed prior to surgical
resection for all patients. Pathologic complete response (pCR) was defined as no residual
tumor in resected tumor specimen.

Many patients lacked formal RECIST assessment, modified RECIST2! or immune related
response criteria (irRC)%2 assessment which was not introduced until 2009. Therefore, to
assess response for the entire cohort retrospectively, patients were categorized into three
groups based upon systemic response to immunotherapy. Response to CPI was determined
by chart review of radiology assessment within 30 days prior to surgery and categorized into
three groups. Group 1, responding category, represented a patient with an overall response
to immunotherapy, but with a single residual lesion that was radiologically smaller or stable
(n=12). Group 2, /solated progressor category, represented a patient with a single site of
progressing disease, while the other systemic disease had responded or was stable, (n=106).
Lastly, group 3, the multiple progressor category included patients (n=119) with multifocal
progression with most of these patients undergoing surgery for palliation (Figure 1).

Patient Characteristics

Patient characteristics are described in Table 1 for the entire cohort (n=237) and by response
group to CPI. Overall, the median age at the start of immunotherapy was 61 years (range
19-90) and 63 years at the time surgical resection (range 19-92). Sixty-two percent of
patients were male. Eighty eight percent of patients had Stage 1V disease, 12% had
unresectable stage 111 disease at the start of immunotherapy. Most commonly patients had a
cutaneous primary melanoma (68.5%) followed by melanoma of unknown primary (16.5%).
Median pre-operative NLR for the entire cohort was 4 (range 0.3-36). Age at initiation of
CPI (p = 0.77), age at time of surgical resection (p=0.72), and gender (p=0.31) did not differ
significantly between response groups. Amongst the three groups, there was a lower NLR in
the responding (group 1) and isolated progressor group (group 2) compared to the multiple
progressor group (group 3) (p=0.009). Additionally, a higher percentage of patients were
resected to NED in groups 1 and 2 compared to group 3.

Checkpoint Inhibitor (CPI) Preceding Surgery

Prior to surgical resection, 62% of patients were treated with anti-CTLA-4 alone, 8%
received anti-PD-1 alone, 29% received therapy with anti-CTLA-4 and anti-PD1, either
concomitantly or sequentially (Table 1; Supplemental Figure 1A).

Surgical Resection

Most patients (n=162, 69%) had only 1 operation following CPI. The remaining 75 patients
(31%) had 2 or more operations, for a total of 349 surgeries (Table 1). The median time from
initiation of immunotherapy to initial resection was 6.9 months (range <1 month to 101
months). As shown in Table 2, the most common site of initial resection was skin and/or
soft-tissue metastases (30%), followed by brain or central nervous system lesions (CNS)
(26.5%). Also shown is the response to immunotherapy at the time of surgery by site of
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resection. Most patients in groups 1 and 2 underwent resection for lymph node (42% and
28%, respectively) and skin and/or soft tissue metastases (25% and 27%, respectively). In
group 3, 45% of patients underwent resection for CNS or brain metastases and 55%
underwent resection for extra-CNS disease.

All disease was resected, i.e. resection to NED, in 87 (37%) patients, which included all the
patients in group 1 (single site of remaining disease, n=12, 14%), 71 (82%) patients in group
2 (isolated progressor), and 4 (4%) patients in group 3 (multifocal progressor). The
remaining 63% of patients (n=150) underwent resection of a metastatic lesion while disease
at other sites was not removed; these patients were from group 2 (n=35, 23%) and group 3
(n=115, 77%). Most patients resected to NED underwent surgery for lymph node metastases
(33%), skin or soft tissue metastases (25%), and abdominal visceral metastases (24%)
(Supplemental Table 1). In the multiple progressor category there were four patients who
had two separate progressing lesions resected and were rendered NED by surgery. These
patients, due to more than one site of progression, were categorized as being in the multiple
progressor (group 3) but were ultimately able to be resected to NED. These patients were
classified by their most advanced site of metastatic disease (e.g. simultaneous resection of a
brain metastasis and a femur metastasis and is classified by his CNS/brain site of resection).

Following surgical resection 46% (n=109) of patients received no further treatment. Forty-
four patients (19%) received anti—-PD-1 therapy alone and 10% received combination
targeted therapy with a BRAF and MEK inhibitor following resection. The remainder went
on to receive chemotherapy (9%), combination checkpoint blockade (8%), anti-CTLA4
(7%), and other (1%) therapies as part of a clinical trial (Table 1, Supplemental Figure 1B).
Of the 109 patients who did not receive further systemic therapy following surgery, 43
(39%) were resected to NED. Of the remaining 66 patients with residual disease, 58 were
from multiple progressing group (group 3) and 8 were from the isolated progressing group
(group 2). Most of these patients had multi-focal progression and were referred for palliative
or supportive care, including hospice.

Survival Outcomes

Median OS from the time of initial resection for the entire cohort was 21 months, with a
median follow-up among survivors of 23 months (Figure 2A). Median OS was not reached
in the 87 patients rendered NED by surgical resection compared to a median OS of 10.8
months in the 150 patients with residual disease following surgery (p<0.0001); this
translates to an estimated 5-year OS rate of 75% compared to 15% in the group not resected
to NED (p<0.0001) (Figure 2B).

When patients were stratified by response to CPI at the time of surgery, there was a dramatic
separation in survival. Group 1, responding or stable disease (n=12), had an estimated 90%
5-year survival. Patients in group 2, with one isolated progressing lesion, (n=106) had a 60%
5-year OS. The median OS was not reached in either of these groups. Patients in group 3,
who underwent surgical resection in the context of multifocal progressive disease (n=119)
had a median OS of 7.8 months (p<0.0001) (Figure 2C) and an estimated 5-year OS of 6%.
Non-cutaneous melanoma subtypes (ocular, mucosal and acral) were included in the analysis
and as shown in Table 1 were distributed across all three subgroups.
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Patients in group 2 were further analyzed by disease status following resection. As expected,
the patients who underwent complete resection of their sole site of progressive disease
(n=71) had improved survival, with an estimated 5-year OS of 75%, while patients
undergoing resection of an enlarging lesion, and disease at other sites not removed, (n=35)
had a 5-year OS of 30% (p<0.001) (Figure 2D).

Factors associated with worse OS on multivariate analysis were patients who had residual
disease following resection (i.e. those not rendered NED with surgery) (HR 2.75, 95% ClI
1.44-5.25, p=0.002), a higher preoperative NLR (HR 1.04, 95% ClI: 1.01-1.08, p=0.024),
and multifocal progression on CPI (Table 3). Patients with multiple sites of progressing
disease had a higher risk of death than those with stable or responding disease (HR 7.57,
95% Cl: 1.02-56.01, p<0.001). Systemic response to immunotherapy at time of surgery was
strongly associated with outcome; however, a traditional marker of good outcome in
metastasectomy, time to development of metastatic disease or DFI (<12 or >12 months), was
not significant (p=0.09) (Supplemental Figure 2).

Pathologic Complete Response

A pathologic complete response (pCR) was noted in only 14 out of 349 (4%) specimens.
Among the 12 patients in group 1, responding to immunotherapy, who underwent resection
of a residual tumor, 6 (or 50% of group 1) were found to have no viable tumor. The
remaining 8 pCR specimens showed growth on radiologic assessment prior to surgery, and
therefore came from the isolated or multiple progressing groups. Pre-operative CPI
treatment of these 14 patients consisted of anti-CTLA-4 alone in 8 patients (57%), anti-PD1
alone in 1 patient (7%), and combination anti-CTLA-4 and anti-PD-1 in 5 patients (36%).
Of the 8 patients with a pCR from groups 2 and 3, 4 patients were resected to NED while 4
had other sites of progressing disease.

DISCUSSION

With the increased efficacy of modern systemic treatments, the use of surgery for metastatic
disease has increased across cancer types, including melanoma.23 To date, the majority of
studies have focused on the role of metastasectomy in the pre-immunotherapy era, with a 5-
year OS of 20-30%, and as high as 43% in a clinical trial evaluating cancer vaccination.1-13
This study is the largest analysis of outcomes after surgery in patients previously treated
with CPI therapy.

Recently, retrospective analyses have suggested that resection after targeted or
immunotherapy can be associated with prolonged OS. He et al., reported 18 patients with
advanced stage 111 and 1V melanoma treated with vemurafenib, BRAF inhibitor therapy,
within 30 days of surgery.24 The study showed elective resections were associated with
improved survival compared to patients requiring more urgent surgery, and there was
durable postoperative disease control in patients undergoing resection of oligometastatic
disease.

Another study by Prabhakaran et al. examined 54 patients who underwent surgery for Gl
melanoma metastases from 2007 to 2013, 15 (28%) of whom received preoperative
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immunotherapy.2> When divided based on curative or palliative surgical resection, median
OS was not reached in the curative (n=13) versus 9.5 months in the palliative (n=41) group.
On multivariate analysis, resection to NED (p = 0.012) and the presence of single metastases
(p = 0.031) were associated with improved OS. However, given the small number of patients
that received preoperative immunotherapy it is unclear if response to therapy influenced
survival.

A larger series from the John Wayne Cancer Institute analyzed survival in patients with
resectable abdominal melanoma metastasis from a more recent era of 2004-2014 (n=320),
and prior to 2004 (n=1303), with the assumption that the modern era received more effective
systemic therapy.26 Patients had improved survival in the more recent era, with a median
survival of 11 months vs 8 months (p=0.003). However, the study failed to demonstrate any
survival advantage in the subset of patients undergoing surgery and immunotherapy over
surgery alone, even in the best cohort of patients with gastrointestinal tract disease (OS of 23
months for the combination versus 21 months for surgery alone).While results may be
confounded by the smaller sample size and the variability in that some patients received
immunotherapy pre-operatively and some received it post-operatively, the study highlights
the difficultly in retrospectively ascertaining the individual contribution of two effective
therapies in metastatic melanoma: surgery and checkpoint blockade.

The factors that go into patient selection for melanoma metastasectomy are difficult to
quantify. Although no level | evidence exists, retrospective data suggest that predictors of
improved survival following metastasectomy include low disease burden, ability to remove
all disease, and a longer DFI.7:11.12.27 |nterestingly, DFI was not a significant factor
associated with survival in this cohort, suggesting that an effective immunotherapy may be
able to overcome some cancers with aggressive biology. A higher neutrophil to lymphocyte
ratio (NLR) was associated with worse OS in this study. Elevated NLR has previously been
associated with poor outcomes in patients treated with CPI alone.?8 Additionally, a higher
preoperative NLR has been linked to worse OS in other types of malignancies such as non-
metastatic renal cell carcinoma,2® pancreatic neuroendocrine tumors,30 pancreatic ductal
adenocarcinoma,3! and colorectal adenocarcinoma.32 Elevated preoperative NLR has also
been correlated with both worse OS and higher rates of recurrence in metastatic cancer,
specifically in patients who have been diagnosed with resectable synchronous colorectal
liver metastases. 32 Together these findings suggest that NLR may be an important factor to
consider prior to surgical intervention, and also to include in future cohorts of patients
undergoing surgery.

Historically, patients with melanoma CNS metastases, even those undergoing resection, have
had poor survival outcomes and were excluded from studies.34-36 However, there have been
durable CNS responses to checkpoint blockade in asymptomatic patients, and therefore this
group was included in this study.3” While many of the palliative resections in group 3 were
for CNS disease (45%), there was also a large contribution from other disease sites such as
skin/soft tissue (34%). In addition, some patients with CNS disease had an isolated site of
progression and were in group 2. Therefore, patients with CNS disease were included to
represent a real-world population.
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Response to systemic therapy has also been shown in retrospective series to be a predictor of
improved survival following surgery.24:38:39 |n this study systemic response to CPI at the
time of surgery categorized patients into groups with dramatically different survival. Patients
in group 1, with a single responding lesion that had not completely resolved after CPI, have
an excellent survival (90% estimated 5-year survival). Most interesting is the survival of
patients in group 2, the isolated progressor group. Clinically, these patients have an overall
response to CPI, but have a single site of progression, or an escape lesion. Research has
suggested that immunoediting occurs, particularly in the setting of an active immune
response, and can result in escape tumors that have decreased MHC expression, loss of
B2M, alterations in IFN gamma signaling, or other mechanisms which make them less
responsive to immunotherapy.4%41 While additional systemic therapies maybe an effective
choice for patients with escape lesions, this study suggests that surgical resection is also a
good option, particularly if surgery is able to render patients NED, as this group had a 75%
estimated 5-year overall survival. In addition, 46% of patients, primarily from group 1 and
group 2, did not receive systemic therapy postoperatively, suggesting that surgery can have a
durable effect on removal of escape lesions. Patients in group 3 with multifocal progression,
however, represent a group with a poor outcome and surgery is unlikely to alter the disease
course in this cohort.

CONCLUSION

In the era of checkpoint inhibition, patients who underwent surgery with a systemic overall
response to CPI had a 5-year OS of 90%. Patients able to be resected to NED following CPI
had a 5-year OS of 75%. These outcomes are better than previously reported for surgery
alone in patients with metastatic melanoma. While further follow-up is needed to assess the
durability of these results, this study supports that strong consideration should be given to
surgery as a component of systemic treatment in metastatic melanoma, particularly in escape
lesions that can be removed completely.
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Synopsis: The survival of patients with melanoma selected for metastasectomy after
checkpoint therapy was evaluated. Surgery for patients with a solitary progressing lesion
or responding disease had a more favorable outcome then those with multiple sites of
progression.
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Figure 1:
Patients Classified by Radiologically Assessed Response to Immunotherapy
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Overall Survival for all 237 patients (2A), OS Startified by Resection Status (2B), OS
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Startified by Response to Checkpoint Blockade (2C), OS in Isolated Progressing Lesions

Startified by Resection Status (2D).
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Table 1.

Demographic and surgical characteristics of the study population.
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Characteristics

Ageat Start of Checkpoint Inhibitor,
Median years (range)
Age at M etastasectomy,
Median years (range)
Gender
Female
Male
Stagell1
Stage 111 (Unknown Primary)
Stage 111B
Stage I1IC
Stage IV
Site of Primary Melanoma
Cutaneous
Ocular/Uveal
Mucosal
Acral
Unknown Primary
Pre-Operative Neutrophil to Lymphocyte Ratio (NLR)
Mean
Median (range)
Total Number of Resections, %
Total Resections per Patient (N=237)
1

o o~ W N

Resected to No Evidence of Disease (NED) Following 1% Surgery
No
Yes

Pre-oper ative Checkpoint Inhibitor

Anti-CTLA4

Anti-PD1

Combination anti-CTLA4 and anti-PD1

Other (anti-CTLA4 and anti-PDL1)

Post-operative Therapy
No Further Therapy

Ann Surg Oncol. Author manuscript; available in PMC 2021 April 01.

All Patients
N=237 (%)

61(19-90)

63 (19-92)

91 (38)
146 (62)
29 (12)
2(1)
6(3)
21(9)
208 (88)

162 (68.5)
3(1)
16 (7)
17(7)

39 (16.5)

5.4
4(0.3-36)
349

162 (69)

52 (21)
12 (5)
9(4)
1(<1)
1(<1)

150 (63)
87 (37)

148 (62)
18 (8)

69 (29)
2(1)

109(46)

Group 1
(N=12)

65 (33-78)

66 (33-79)

5(42)
7(58)
3(25)
0(0)
0(0)
3(25)
9 (75)

7 (58)
0(0)
1(8)
2(17)
2(17)

38
2.6 (1.5-9.3)
17 (5)

8 (67)
3(25)
1(8)
0(0)
0(0)
0(0)

0(0)
12 (100)

5(42)
1(®
6 (50)
0(0)

5 (42)

Group 2
(N=106)

61 (19-88)

63 (19-89)

47 (44)
59 (56)
17 (16)
1(1)
5 (5)
11(10)
89(84)

79 (74.5)
2(2)
4 (35)
3(3)
18 (17)

45
3.6 (0.3-20.2)
163 (47)

70 (66)
25 (24)
4(4)
5(5)
1(<1)
1(<1)

35 (33)
71 (67)

65 (61)

10 (10)

30 (28)
1(1)

44 (42)

Group 3
(n=119)

61 (19-90)

62 (19-92)

39 (33)
80 (67)
9(8)
1(1)
1(1)
7(6)
110 (92)

76 (64)
1(1)
11(9)
12 (10)
19 (16)

6.3
4.1 (0.3-36.0)
169 (48)

84 (71)
24 (20)
7(6)
4(3)
0(0)
0(0)

115 (97)
4(3)

78 (65)

78 (65)

33 (28)
1(1)

60 (50)
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T— fpwens | gt | Gow? | Crons
Anti-CTLA4 17 (7) 1(8) 10 (10) 6 (5)
Anti-PD1 44 (19) 1(8) 18 (17) 25 (21)
Combination anti-CTLA4 and anti-PD1 19 (8) 2(17) 12 (11) 5(4)
Other (anti-PDL1) 21 0 (0) 0 (0) 2
Targeted Therapy 25 (10) 2(17) 11(10) 12 (10)
Chemotherapy 21 (9) 1(8) 11(10) 9 (8)
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Site of Surgical Resection by Response to Checkpoint Inhibitor Therapy at Time of Initial Operation (N=237)

S'tia of Initial Operation N (%) Grciup 1 Grgup 2 Grgup 3

(N=237) (N=12) | (N=106) | (N=119)

All Patients 237(100) | 12(5) | 106 (45) | 119 (50)
Skin/Soft Tissue 72 (30) 3(25) 29(27) | 40(34)
Lymph Nodes 42 (18) 5 (42) 30 (28) 7(6)
Lung 11 (5) 2(17) 9(8) 0
Liver 3(1) 0 (0) 3(3) 0
Other Abdominal Disease | 42 (18) 1(8) 25(24) | 16 (13)
Bone 4(15) 0 (0) 2(2) 2(2)
Brain/CNS 63 (26.5) 1(8) 8 (8) 54 (45)
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Table 3.
Multivariate Analysis of Factors Associated with Overall Survival in the 237 Patients With Advanced
Melanoma.
L Hazard | 95% Confidence
Clinical Factors Ratio Interval p-value
Complete Resection to NED (No vs Yes) 2.75 1.44-5.25 .002
Pre-Operative Neutrophil to Lymphocyte Ratio (NLR) (continuous) 1.04 1.01-1.08 .024
Response to Checkpoint Blockade
Multiple Progressors vs Responding/Stable Disease 7.57 1.02-56.01 <.001
Isolated Progressor vs Responding/Stable Disease 3.05 0.42-22.36

NED, no evidence of disease.
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