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ABSTRACT

Background. Survival in peritoneal dissemination from

appendiceal cancer after complete cytoreductive surgery

and hyperthermic intraperitoneal chemotherapy (CRS/

HIPEC) varies within each histopathologic subtype. Ana-

lyzing patients with unique responses may uncover the

mechanisms behind their extreme outcomes. We proposed

a method to identify retrospectively and to characterize

patients who responded exceptionally well or very poorly

within each histopathologic subtype.

Methods. Retrospective review of patients with low-grade

mucinous carcinoma peritonei (LGMCP), high-grade MCP

(HGMCP), and HGMCP with signet ring cells (HGMCP-S)

with complete CRS/HIPEC (CC-0/1) was performed.

Patients were divided by recurrence status. Median follow-

up was calculated for each. Exceptional responders (ExR)

were defined as alive without recurrence after median

follow-up of the nonrecurrent group. Poor responders

(PoR) were defined as disease recurrence before median

follow-up of the recurrent group. Perioperative character-

istics were analyzed.

Results. LGMCP, HGMCP, and HGMCP-S had 48 (41%),

19 (23%), and 7 (14%) ExR and 11 (10%), 20 (24%), and

20 (39%) PoR, respectively. All ExR had lower median

PCI (26 vs. 36 [p = 0.004]; 13 vs. 33.5 [p\ 0.001]; 3 vs.

29.5 [p = 0.001]). Fewer LGMCP and HGMCP ExR had

abnormal tumor markers (36% vs. 90% [p = 0.003]; 22%

vs. 74% [p = 0.003]). More HGMCP and HGMCP-S ExR

had CC-0 (vs. CC-1) cytoreductions (84% vs. 50%,

p = 0.041; 100% vs. 40%, p = 0.008).

Conclusions. Stratifying patients by recurrence status and

follow-up time successfully selects ExR and PoR within

each histopathologic subtype. Perioperative characteristics

of ExR versus PoR differ across histopathologic subtypes,

except for disease burden. Genetic analysis may further

elucidate differences and aid in the development of novel

targeted therapies.

Peritoneal dissemination (PD) from appendiceal cancer

(AC) is a rare and advanced gastrointestinal neoplasm with

unique clinical and biological behavior, distinct from col-

orectal cancer.1–3 Mucinous tumors of the appendix are

morphologically and clinically diverse, ranging from low-

grade mucinous carcinoma peritonei (LGMCP), high-grade

mucinous carcinoma peritonei (HGMCP), and HGMCP

with signet ring cells (HGMCP-S).4–6 Currently, cytore-

ductive surgery and hyperthermic intraperitoneal

chemotherapy (CRS/HIPEC) is the treatment of choice for

PD from AC.7

Treatment response varies not only according to

histopathologic subtype but also quality of cytoreduc-

tion.8,9 However, even when a complete cytoreduction is

achieved, there are still patients within each histopatho-

logic subtype who respond exceptionally well or very

poorly after CRS/HIPEC.

Identifying patients with PD from AC who responded

exceptionally well or very poorly after CRS/HIPEC is

essential to understand patient outcomes, enhance patient

selection, offer personalized treatment, and avoid unnec-

essary treatments. In this study, we suggest a method to
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retrospectively identify and describe the complete clinical

profile of exceptional and poor responders within each

histopathologic subtype after complete CRS/HIPEC.

PATIENT AND METHODS

A retrospective review of a prospective institutional

database with 673 CRS/HIPEC procedures from 1998 to

2017 was performed. A total of 368 patients had PD from

AC with ECOG performance status between 0 and 2 and no

evidence of extraperitoneal disease. Only data from the first

CRS/HIPEC was analyzed.

Perioperative Management

Preoperatively, imaging (CT scan or MRI) and/or

diagnostic laparoscopy were used to identify candidates for

CRS/HIPEC. Preoperative CEA, CA-125, and CA 19-9

were elevated if [ 5 ng/mL, 35 U/mL, and 37 U/mL,

respectively.

Intraoperatively, peritoneal cancer index (PCI) was

assessed with PCI C 20 considered high disease burden.10

Resections were performed to reduce tumor to microscopic

levels. Completeness of cytoreduction (CC) score was

recorded (CC-0: no residual tumor, CC-1: tumor nodules

\ 2.5 mm, CC-2/3: tumor nodules C 2.5 mm).10 HIPEC

was performed using the closed technique with 40 mg of

mitomycin-C at 41–42 �C for 90 min. After perfusion,

gastrointestinal anastomoses were completed and chest

tubes placed if indicated.

Postoperatively, patients were transferred to the ICU for

24 h and then to the inpatient oncology unit when clinically

stable. Specific details on the management of these patients

were published previously by our group.11 Surveillance

included physical exam, imaging, and tumor markers every

6 months for 5 years and yearly thereafter until year 10.

After 10 years, annual physical exams were performed.

Recurrence was considered if there was evidence on

imaging, rising/abnormal tumor markers, and/or clinical

presentation (e.g., bowel obstruction).

Exceptional and Poor Responder Selection

Patients with complete cytoreduction (CC-0/1) were

categorized by histopathologic subtype according to the

Peritoneal Surface Oncology Group International expert

panel consensus.6 Only patients with mucinous adenocar-

cinoma, including LGMCP, HGMCP, and HGMCP-S,

were considered.

In order to find outlier patients, each histopathologic

subtype was further divided by recurrence status (recur-

rence vs. nonrecurrence). Median follow-up for recurrent

and nonrecurrent groups was calculated separately for each

subtype. Follow-up time was calculated from the date of

CRS/HIPEC to the last contact date or date of death.

Exceptional responders (ExR) never had recurrence and

had a follow-up time greater than the median follow-up of

the nonrecurrent group. Poor responders (PoR) recurred

before the median follow-up of the recurrent group

(Fig. 1).

For each histopathologic subtype, two scatter plots

(nonrecurrent and recurrent groups) of the surgery date

versus follow-up time, because CRS/HIPEC were con-

structed to visualize ExR and PoR. Each point represents

one patient and their current status.

Statistical Analysis

Perioperative variables were compared between ExR

and PoR within each histopathologic subtype.12 Compli-

cations were graded according to Clavien-Dindo.13 Only

patients proven to be an exceptional or poor responder

were analyzed. Patients who recently underwent CRS/

HIPEC or who recurred after a very long time were

excluded (intermediate responders [InR]).

Chi square test or Fisher’s exact test assessed differ-

ences between categorical variables. Independent sample

Student’s t test and Mann–Whitney U test compared con-

tinuous variables for normal and nonnormal data,

respectively. Overall survival (OS) and progression-free

survival (PFS) were calculated using the Kaplan–Meier

method for ExR, PoR, and InR for each histopathology. OS

was the time of CRS/HIPEC to the date of death from any

cause. PFS was the time of CRS/HIPEC to disease recur-

rence or death from disease, whichever occurred first. All

analyses were conducted with STATA version 12.0 and

statistically significant if p B 0.05.

RESULTS

Of 368 patients with PD from AC, 250 had mucinous

adenocarcinoma (116 LGMCP, 83 HGMCP, and 51

HGMCP-S) with median follow-up of 54 months (range

0–238). Recurrence was diagnosed in 19%, 46%, and 71%

LGMCP, HGMCP, and HGMCP-S, respectively.

ExR and PoR Group Selection

For LGMCP, 94 (81%) patients did not recur with a

median follow-up of 49 months. Of these 94 patients, 48

had follow-up [ 49 months, comprising the ExR group.

Recurrence occurred in 22 (19%) patients with a median

follow-up of 59 months. Of these 22 patients, 11 recurred

before 59 months, comprising the PoR group (Fig. 2).
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For HGMCP, 45 (54%) patients did not recur with a

median follow-up of 60 months. Of these 45 patients, 20

had follow-up [ 60 months, comprising the ExR group.

Recurrence occurred in 38 (46%) patients with a median

follow-up of 40 months. Of these 38 patients, 20 recurred

before 40 months, comprising the PoR group (Fig. 2).

For HGMCP-S, 15 (29%) patients did not recur with a

median follow-up of 26 months. Of these 15 patients, 7 had

follow-up [ 26 months, comprising the ExR group.

Recurrence occurred in 36 (71%) patients with a median

follow-up of 26 months. Of these 36 patients, 20 recurred

before 26 months, comprising the PoR group (Fig. 2).

Survival Curves of the Groups Selected

Survival curves compared ExR, PoR, and InR in each

histopathology. Comparing the overall population survival

curve to that of each subtype shows how patient outcomes

are greatly impacted by histopathology. However, within

each subtype we aimed to select the outlier patients whose

outcomes differ from the average. Survival curves with

Appendiceal cancer
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ExR and PoR show the extreme outcomes of these groups.

Moreover, the similarity of the InR (neither ExR nor PoR)

curve to the subtype cohort confirms that we successfully

selected these outlier patients (Fig. 3).

LGMCP: ExR and PoR

In LGMCP, ExR had a median CEA of 2 ng/mL (vs.

41 ng/mL in PoR, p = 0.001) and median CA-125 of 19

U/mL (vs. 84 U/mL in PoR, p = 0.005). Elevated CEA

occurred in 26% ExR (vs. 70% PoR, p = 0.022) and ele-

vated CA-125 occurred in 19% ExR (vs. 80% PoR,

p = 0.001). Only 36% ExR (vs. 90% PoR) had any TM

elevated (p = 0.003). Median PCI for ExR was 26 and 36

for PoR (p = 0.004). Median length of surgery and hospital

stay for ExR was 8.6 h (vs. 12 h in PoR, p = 0.021) and

9 days (vs. 14 days in PoR, p = 0.023), respectively

(Table 1). Overall, preoperative TM, disease burden,

length of surgery, and length of stay were significantly

different between ExR and PoR in LGMCP.

HGMCP: ExR and PoR

In HGMCP, mean age at surgery of ExR was

49 ± 10 years (vs. 56 ± 9 years for PoR; p = 0.029). ExR

had lower TM levels compared to PoR (CA-125: 12 U/mL

vs. 19 U/mL, p = 0.031; CA 19-9: 8 U/mL vs. 27 U/mL,

p = 0.007, respectively). ExR were less likely to have

elevated TM (CEA: 17% vs. 53%, p = 0.038; CA-125: 6%

vs. 37%, p = 0.044; CA 19-9: 0% vs. 42%, p = 0.005).

Elevated TM occurred in 22% of ExR (vs. 74% of PoR;

p = 0.003; Table 1).

ExR had median PCI of 13 (vs. 34 in PoR, p\ 0.001),

32% PCI C 20 (vs. 80% PoR, p = 0.004), and median

length of surgery of 8 h (vs. 11.6 h in PoR, p\ 0.001) and

median length of stay of 9 days (vs. 12 days in PoR,

p = 0.014). CC-0 (vs. CC-1) cytoreductions occurred in

84% ExR (vs. 50% PoR, p = 0.041). Positive LN occurred

in 16% of ExR (vs. 60% PoR, p = 0.008; Table 1). Overall,

age at surgery, preoperative TM, disease burden, degree of

complete cytoreduction, LN status, length of surgery, and

length of stay were significantly different between ExR and

PoR in HGMCP.
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HGMCP-S: ExR and PoR

In HGMCP-S, median PCI was 3 for ExR and 30 for

PoR (p = 0.001). No ExR versus 80% of PoR had PCI

C 20 (p\ 0.001). ExR had median length of surgery of

6.4 h (vs. 11 h in PoR, p\ 0.001) and median hospital stay

of 7 days (vs. 10 days in PoR, p = 0.003). All ExR had

CC-0 versus only 40% of PoR (p = 0.008; Table 1).

Overall, disease burden, degree of complete cytoreduction

(CC-0 vs. CC-1), length of surgery, and length of stay were

significantly different between ExR and PoR in HGMCP-S.

DISCUSSION

Identifying patients with peritoneal dissemination (PD)

from appendiceal cancer (AC) who will benefit from CRS/

HIPEC or require additional treatments is essential in the

management of this stage IV disease. Outcomes after CRS/

HIPEC vary according to histopathologic subtype and

quality of cytoreduction; however, within each

histopathologic subtype, even when complete cytoreduc-

tion is achieved, there are still patients who respond

exceptionally well or very poorly after this treatment.

Stratifying patients by recurrence status and follow-up time

allowed us retrospectively to select exceptional and poor

responders treated with complete CRS/HIPEC within each

subtype and compare their perioperative characteristics to

better understand their clinical outcomes and obtain

potential candidates for further molecular analysis.

The scatterplot patterns show the dramatic effect of

histopathologic subtype on patient outcomes (Fig. 2).

Moving from LGMCP to HGMCP to HGMCP-S, in the

nonrecurrent groups the frequency of patients alive without

disease (blue dots) decreases, whereas in the recurrent

group the frequency of those dead of disease (red dots)

increases. In high-grade malignancies, there are fewer ExR

and PoR represent the majority.

Factors related to response vary across histopathologic

subtype with the exception of PCI, length of surgery, and

length of stay. Median PCI was higher in PoR versus ExR

regardless of histopathologic subtype. The relevance of

disease burden on outcomes has been reported by many

authors.8,14–17 Our selection method also confirmed this.

Additionally, the consistently significant differences

observed in length of surgery and length of hospital stay

could be explained by the difference in PCI, because

greater disease burden requires more extensive surgery.18

It is worth noting that high disease burden (PCI C 20)

was significant in HGMCP and HGMCP-S but not in

LGMCP. Seventy-three percent of LGMCP ExR had

PCI C 20 compared with 91% LGMCP PoR (p = 0.426).

Therefore, PCI C 20 in LGMCP may not be the right value

to determine ‘‘high disease burden,’’ related to poor

response, or an important selection criteria when a com-

plete cytoreduction is feasible. However, PCI still

contributes to LGMCP outcomes, because the median PCI

was significantly different between ExR and PoR (26 vs.

36, p = 0.004).

Elevated tumor markers (TM) in ExR and PoR were

significant in LGMCP and HGMCP. LGMCP PoR had

higher CEA and CA-125 levels, whereas HGMCP PoR had

higher CEA, CA-125, and CA 19-9 levels. No significant

difference in TM levels between ExR and PoR in HGMCP-

S was found, although the small number of ExR limits this

finding. Another trend was the difference in median TM

levels between ExR and PoR across histopathologies. As

tumor grade increases (LGMCP to HGMCP to HGMCP-S),

the difference between ExR and PoR median CEA and CA-

125 decreased (CEA: 49.8 to 3.7 to 0.7 ng/mL; CA-125:

64.7 to 6.7 to 2 U/mL, respectively) and median CA 19-9

increased (0.4 to 19 to 15.6 U/mL, respectively). Thus, it is

likely that the conflicting reported significance of TM on

patient outcomes may be related to histopathologic sub-

type.19–21 TM should be analyzed in the context of

histology.

Most consider CC-0 and CC-1 cytoreductions to be

‘‘complete’’ and associated with the best outcomes.16,22–24

In our study, this seems to be the case for low-grade tumors

only. In HGMCP and HGMCP-S, more ExR had CC-0

cytoreductions than PoR, emphasizing the necessity of an

aggressive surgery with no residual disease for high-grade

tumors. A CC-0 cytoreduction is imperative to give

patients the best chance at being an ExR in high-grade

tumors with or without signet ring cells.

Lymph node status was significant in HGMCP, further

validating our selection method. HGMCP PoR were more

likely to have positive lymph nodes than HGMCP ExR

(60% vs. 15%, p = 0.003). Although lymph node status

was not significant for HGMCP-S ExR versus PoR (43%

vs. 80%, p = 0.145), it may be due to the few number of

ExR in this very aggressive subtype. The negative impact

of positive lymph nodes on outcomes has been described in

multiple studies and our selection method for ExR and PoR

confirmed this in high-grade tumors.8,24–27

This method identified ExR and PoR after complete

CRS/HIPEC within each histopathologic subtype. The

clinical profile of LGMCP ExR was no TM elevated,

normal CEA and CA-125, and PCI around 26. HGMCP

ExR had no TM elevated, normal CEA, CA-125, and CA

19-9, low disease burden with PCI around 13, CC-0, and

negative LN. In HGMCP-S, those with very low disease

burden with PCI around 3 and CC-0 responded excep-

tionally well. These results are concordant with previous

reported predictor factors in PD from AC and highlight the

relevance of molecular characteristics in ExR and PoR. It is

known that appendiceal cancers have molecular profiles
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distinct from colorectal cancer and between histopatho-

logic subtypes.3 GNAS and TP53 mutations have been

identified as prognostic biomarkers related to low- and

high-grade tumors, respectively, whereas wild-type KRAS

has been associated with better survival in patients treated

with irinotecan.28,29 Therefore, molecular profiling of ExR

and PoR may further elucidate clinical differences and aid

in the development of novel targeted therapies.

Successfully defining ExR and PoR allows researchers

to explore new ways to understand clinical outcomes and

further investigate the molecular aspects of this rare dis-

ease. Currently, there is much interest in investigating these

outstanding responders to glean insight into how to

improve the average response. In 2014, the National Can-

cer Institute started the Exceptional Responders Initiative

(ERI) to understand the molecular foundations for excep-

tional chemotherapy response. ERI defined exceptional

responders as those who had a unique response to treat-

ments not effective for most and plan to test their tissue for

certain molecular features that could predict therapy

response.30 Likewise, the Network of Enigmatic Excep-

tional Responders based at Harvard Medical School is a

similar project that strives to identify genetic, health, and

environmental factors that might explain the events that

lead to exceptional outcomes in exceedingly rare

patients.31 Correlating molecular features to clinical out-

comes is invaluable in understanding and unlocking the

best way to treat a disease.

In appendiceal neoplasms, Ang et al. performed geno-

mic profiling in 703 cases, but only 76 cases were able to

be correlated with clinical data.28 Borazanci et al. also

profiled 588 specimens with primary AC; however, no

clinical data were available for this large cohort.32 Both

studies have yielded a lot of variable information that will

take time to filter. However, the NCI investigators believe

that exome-sequencing and deep targeted sequencing from

only 100 outlier cases will yield promising discoveries. By

utilizing this method to define ExR and PoR, researchers

increase the chances of finding clinically meaningful

results in a smaller population, which is essential in a rare

cancer where not much clinical data and patients exist and

can help to narrow the abundance of genomic data. We

have successfully identified ‘‘outlier’’ patients with a rare

disease from a cohort treated by the same surgical team

with 19 years of clinical follow-up and matched tumor

samples. This new approach allowed us to identify and

characterize a specific population that not only have a

particular clinical profile but may also harbor relevant

genetic alterations that could explain their particular out-

comes and should be explored.

We acknowledge some limitations in this study,

including its retrospective design, data collected from a

single institution, and the small sample size. Once we

divided the large group of patients by histopathologic

subtype and only selected the exceptional and poor

responders, excluding patients with recent CRS/HIPEC or

who recurred after a long time, we ended up with small

number of patients, especially in HGMCP-S. This makes it

difficult to detect small differences between groups or draw

any generalizations about independence of the significant

variables found within each histopathologic subtype.

Finally, this is a new approach to define ‘‘outlier’’ patients

that has not been described; however, it is grounded in

clinical decision (those with the longest disease-free sur-

vival vs. quick recurrence) with findings that correlate with

previously described predictive and prognostic

factors.8,22,33–35

CONCLUSIONS

Stratifying patients by recurrence status and follow-up

time is one method to identify patients retrospectively who

respond exceptionally well or very poorly to treatment.

This method yielded a select group in which genetic

alterations should be explored to further elucidate the

observed clinical outcomes and aid in the development of

novel targeted therapies. Perioperative characteristics

related to exceptional and poor outcomes in peritoneal

dissemination from appendiceal cancer after CRS/HIPEC

vary across histopathologic subtypes with the exception of

disease burden, which impacts all subtypes. Genetic alter-

ation studies in this cohort will follow.
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