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Summary

Significance of signet ring cells in mucinous adenocarcinoma of the peritoneum from appendiceal

origin has never been specifically studied. We retrospectively reviewed cases of mucinous

adenocarcinoma of the peritoneum from appendiceal origin (n = 55) and collected clinical follow-

up data. Signet ring cells were identified in 29 of 55 cases. No low-grade mucinous

adenocarcinoma case (n = 11) had signet ring cells, whereas 29 of 44 high-grade mucinous

adenocarcinoma cases did. Cases of high-grade mucinous adenocarcinoma were subdivided into 3

groups: (1) high-grade mucinous adenocarcinoma without signet ring cells (n = 15), (2) high-grade

mucinous adenocarcinoma with signet ring cells only within mucin pools (n = 20), and (3) high-

grade mucinous adenocarcinoma with signet ring cells invading tissue (n = 9). Overall survival

(OS) and progression-free survival were subsequently evaluated. Five-year OS for cases of high-

grade mucinous adenocarcinoma without signet ring cells and high-grade mucinous

adenocarcinoma with signet ring cells within mucin pools were similar at 31.8% (SE, 14.4%) and

35.8% (SE, 13.9%), respectively. A significant survival difference was seen for cases of high-

grade mucinous adenocarcinoma with signet ring cells invading tissue with a median OS of 0.5

years versus 2.9 and 2.4 years (P = .04 and P = .03), respectively, for cases of high-grade

mucinous adenocarcinoma without signet ring cells and high-grade mucinous adenocarcinoma

with signet ring cells within mucin pools. Finding signet ring cells floating in extracellular mucin

pools made no prognostic difference when compared with cases of high-grade mucinous

adenocarcinoma without signet ring cells. In contrast, high-grade mucinous adenocarcinoma with
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signet ring cells invading tissue was significant for worse survival, and thus, we propose reporting

signet ring cell tissue invasion particularly when extensive.
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1. Introduction

Pseudomyxoma peritonei is characterized by disseminated collections of mucinous implants

on the peritoneal surface in the abdomen and pelvis. Ronnett et al [1] initially proposed a 3-

tiered grading system that separated pseudomyxoma peritonei into 3 prognostic groups: (1)

peritoneal mucinous carcinomatosis (PMCA), (2) peritoneal mucinous carcinomatosis with

intermediate features (PMCA-I), and (3) disseminated peritoneal adenomucinosis (DPAM).

In a later series by Bradley et al [2], survival was examined in patients with pseudomyxoma

peritonei treated with cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy

from 1 institution. The term pseudomyxoma peritonei was abandoned in favor of the term

mucinous carcinoma peritonei, to emphasize the disease as a malignant rather than a benign

process [2]. Through stratification by grade, a similar survival was found in patients with

pseudomyxoma peritonei with histologic features qualifying for DPAM and PMCA-I. Based

on that outcome, a simplified 2-tiered (high versus low) grading system was advocated. In

Ronnett’s scheme, DPAM was considered benign. However, as shown by Bradley et al, all

forms of pseudomyxoma peritonei are malignant in the traditional sense. Furthermore, cases

of DPAM were shown to metastasize to the thorax, an attribute that demonstrates the true

malignant nature of this process [3].

The high-grade tier by Bradley et al was analogous to PMCA by Ronnett et al. The low-

grade tier generally combined tumors with the histologic elements of DPAM and PMCA-I

[2]. This 2-tiered grading scheme was further validated through results from a multi-

institutional study of 2298 patients by Chua et al [4], which demonstrated similar prognoses

between DPAM and PMCA-I. Regardless of the terminology, as proposed by Ronnett et al

or Bradley et al, the term mucinous adenocarcinoma has been used in the seventh edition of

AJCC Cancer Staging Manual [5] without the peritoneal moniker. Throughout the

remainder of this article, the term mucinous adenocarcinoma is used in reference to these

peritoneal tumors.

Several studies have evaluated the effect of signet ring cells in colorectal adenocarcinoma

[6-9], and fewer studies have evaluated signet ring cells in appendiceal tumors [10,11]. As

these studies focused on primaries and not specifically on mucinous adenocarcinoma and

signet ring cells, questions are raised translating these findings to peritoneal mucinous

adenocarcinoma and the impact of signet ring cells. One of our current initial questions is

whether low-grade mucinous adenocarcinoma can possess signet ring cells. Under the

Bradley grading scheme, the presence of signet ring cells is classified as high-grade

mucinous adenocarcinoma [2]. In the series by Ronnett el al [1], signet ring cells were

present in some cases of PMCA-I, which translates into low-grade mucinous
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adenocarcinoma. A second question is, when signet ring cells are found, if other high-grade

features are also present in the glandular epithelium through careful thorough examination

on the tumor. A third question is whether the behaviors are similar for mucinous

adenocarcinoma with signet ring cells and high-grade mucinous adenocarcinoma without

signet ring cells. A fourth question is based on signet ring cells being localized to

extracellular mucin pools and/or invading tissue and whether either leads to a difference in

prognosis. Through addressing these questions, our study delves further than prior studies in

qualifying the distribution and the extent of signet ring cells, specifically in mucinous

adenocarcinoma.

2. Materials and methods

Our hypotheses include the following: (1) signet ring cells occur only in high-grade

mucinous adenocarcinoma and (2) signet ring cells invading tissue convey a worse

prognosis versus signet ring cells localized to extracellular mucin pools. We retrospectively

examined cases of appendiceal mucinous adenocarcinoma (n = 55) from our institution from

1998 to 2012. The evaluation of these specimens was approved by the Wake Forest School

of Medicine Institutional Review Board. All cases would be considered pT4 [5] disease [2].

Specimens were obtained from patients without extra-abdominal disease who underwent

cytoreductive surgery and hyperthermic intraperitoneal chemotherapy for resectable or

resected primary and debulkable peritoneal disease. The hyperthermic intraperitoneal

chemotherapy as per protocol was always administered after surgical debulking. Occasional

patients underwent more than 1 cytoreductive surgery. The resection specimens reviewed

were composed mainly of tumor deposited on peritoneal sites and omentum. Deposits on

visceral organs such as small and large bowel along with portions of urinary bladder, uterus,

ovary, and spleen were also often present. All slides from the cytoreductive specimens were

reviewed in their entirety for all 55 cases. In most of the cases, the primary appendiceal

tumor was not available because most of the appendiceal resections were performed at

referring hospitals for which all slides were returned. However, an exhaustive effort was

attempted to reobtain the appendiceal primary slides for correlation with the peritoneal

resection specimens performed at our institution.

The architectural and cytologic criteria of Bradley et al [2], excluding the criteria that signet

ring cells constituted high-grade disease, were used to stratify all 55 cases into high-grade or

low-grade tiers. Regardless of whether signet ring cells were encountered, the glandular

epithelium was evaluated for either high-grade or low-grade features. For example, criteria

for high-grade mucinous adenocarcinoma included high cellularity, frequent mitoses, and

epithelium resembling moderately or poorly differentiated adenocarcinoma with high-grade

cytology and prominent nucleoli and/or coarse chromatin. If signet ring cells were

encountered, the presence, extent, and distribution of the signet ring cells were documented.

The extensive presence of signet ring cells was acknowledged when signet ring cells were

obvious, meaning signet ring cells were present in multiple specimens in the same patient

and/or multiple consecutive high-power objective fields on the same specimen. The focal

presence of signet ring cells constituted definitively less than 5% of the tumor burden but

nearly always composed of a sparse scattering of cells, occupying less than 1 high-power

objective field.
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Clinical follow-up data were acquired including last date of contact (if alive), date of

progression, and date of death, where applicable. If a patient died without a known date of

progression, the patient’s length of progression-free time was calculated as being half of

their survival time; this midpoint approach avoids being potentially too conservative

(placing progression at date of surgery) or too liberal (placing progression date at time of

death). The Kaplan-Meier method was used to estimate overall survival (OS) and

progression-free survival (PFS) times. This choice of progression-free time is routine when

the date of progression is unknown. This is because if the date of death were chosen, an

overestimate of PFS would likely occur. Patients who did not achieve a complete resection

did not have PFS calculated, as these patients were not considered to be disease free. To

assess differences in the study groups, the log-rank approximation of the χ2 test was used,

and P < .05 was deemed to be significant. Other clinical data were collected including age,

sex, Eastern Cooperative Oncology Group (ECOG) status, and presence of neoadjuvant

and/or adjuvant chemotherapy including regimen.

Information on completeness of cytoreductive surgery plus hyperthermic intraperitoneal

chemotherapy was collected, evaluated, and categorized using a modification of clinical

criteria as outlined by Wittekind et al [12]. This classification scheme has been in place in

the long term, and it should also be indicated that it is based on the clinical (surgical)

impression as opposed to pathologic evaluation. In this classification scheme, R0 represents

no residual tumor, R1 represents residual microscopic tumor, and R2 represents residual

macroscopic tumor. Given the setting of cytoreductive surgery plus hyperthermic

intraperitoneal chemotherapy, R0 and R1 resections are considered complete resections with

no evidence of disease after cytoreductive surgery plus hyperthermic intraperitoneal

chemotherapy. The reasoning for R1 being considered a complete resection is due to

hyperthermic intraperitoneal chemotherapy being capable of penetrating 3 to 5 mm into

tissue and, thus, treating any residual tumor cells (free floating, positive margins, or

otherwise). In addition, distinguishing R0 from R1, based on clinical impression, is

essentially impossible. Hence, R0 and R1 are grouped together in our study. The R2 group is

subdivided into R2a, meaning a residual nodule(s) less than 5 mm; R2b, meaning residual

nodule(s) 5 mm to 2 cm; and R2c, meaning nodule(s) greater than 2 cm. R2 group

(R2a/R2b/R2c) resections are incomplete and never considered disease free.

3. Results

Supplementary Table 1 provides a comprehensive overview of collected clinical and

pathologic data, case by case and stratified by groups. Clinical data elements include age,

sex, ECOG status, neoadjuvant chemotherapy, and adjuvant chemotherapy. Pathologic data

elements include nodal submission and status, signet ring cell qualification in the peritoneal

mucinous adenocarcinoma, abdominal resected sites, and correlation with the appendiceal

primary (if obtained). Of the 55 cases, we classified 44 cases as high-grade mucinous

adenocarcinoma and 11 cases as low-grade mucinous adenocarcinoma. Cases of high-grade

mucinous adenocarcinoma were associated with more cellular “dirty” mucin with scattered

epithelial cells and neutrophils than cases of low-grade mucinous adenocarcinoma. The

presence of signet ring cells was not seen in any of the 11 cases of low-grade mucinous

adenocarcinoma (Fig. 1A). By contrast, signet ring cells were found in two-thirds (29/44) of
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the high-grade mucinous adenocarcinoma cases. The 44 cases of high-grade mucinous

adenocarcinoma fell into 3 groups: (1) high-grade mucinous adenocarcinoma without signet

ring cells (n = 15; Fig. 1B), (2) high-grade mucinous adenocarcinoma with signet ring cells

only in mucin pools (n = 20; Fig. 2), and (3) high-grade mucinous adenocarcinoma with

signet ring cells in tissues (n = 9; Fig. 3).

In the cases with signet ring cells, the glandular epithelial component subtracting the signet

ring cells met the Bradley criteria for high-grade mucinous adenocarcinoma. In the cases of

high-grade mucinous adenocarcinoma with signet ring cells in mucin pools, 16 (80%) of 20

cases showed focal versus extensive signet ring cells in mucin pools (Supplementary Table

1). In cases of high-grade mucinous adenocarcinoma with signet ring cells invading tissue, 8

(89%) of 9 cases showed extensive signet ring cell tissue invasion (Supplementary Table 1).

In addition, within cases of high-grade mucinous adenocarcinoma with signet ring cells

invading tissue, 7 (78%) of 9 showed dissecting mucin with signet ring cells. Interestingly,

in 4 of these 7 cases, signet ring cells in the mucin were extensive (Supplementary Table 1).

Across the 4 groups, there were no differences in sex (P = .87), ECOG status (P = .17),

neoadjuvant chemotherapy (P = .65), and adjuvant chemotherapy (P = .91), although age

differences were seen among the 4 groups overall (P = .041). Basically, the high-grade

mucinous adenocarcinoma with signet ring cells group was the youngest. The low-grade

mucinous adenocarcinoma group was 57.1 years (±12.1 years). The high-grade mucinous

adenocarcinoma without signet ring cells group was 52.5 years (±12.9 years), the high-grade

mucinous adenocarcinoma with signet ring cells in mucin pools group was 46.8 years (±10.2

years), and the high-grade mucinous adenocarcinoma with signet ring cells invading tissue

group was 56.1 years (±9.5 years).

Table 1 provides comprehensive information of residual tumor status by study group.

Complete cytoreduction (R0 or R1) was more common in the high-grade mucinous

adenocarcinoma without signet ring cells group and the high-grade mucinous

adenocarcinoma with signet ring cells in mucin pools group (53% and 50%, respectively)

compared with the high-grade mucinous adenocarcinoma with signet ring cells invading

tissue group (22%). Incomplete resections (R2) formed the largest proportion for the high-

grade mucinous adenocarcinoma with signet ring cells invading tissue group with R2a being

44%. Despite these clinically significant differences between the R0/1, R2a, R2b, and R2c

groups, however, the results did not reach statistical significance (P = .12).

Kaplan-Meier analysis showed significantly shorter OS for the high-grade mucinous

adenocarcinoma with signet ring cells invading tissue group versus the high-grade mucinous

adenocarcinoma without signet ring cells group and high-grade mucinous adenocarcinoma

with signet ring cells in mucin pools group (Fig. 4). The overall test of the 3 groups for

survival differences was significant (P = .0015). There was close overlap between the high-

grade mucinous adenocarcinoma without signet ring cells group and high-grade mucinous

adenocarcinoma with signet ring cells in mucin pools group (P = .58). Table 2 details the

specific OS and PFS statistics for the 3 groups. For the high-grade mucinous

adenocarcinoma with signet ring cells invading tissue group, median OS was 0.5 years

versus the high-grade mucinous adenocarcinoma without signet ring cells group and high-
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grade mucinous adenocarcinoma with signet ring cells in mucin pools group with median

survival of 2.9 and 2.4 years, respectively; the survival is significantly higher in both of the

latter groups (P = .004 and P = .003).

In Fig. 4A, Kaplan-Meier analysis showed a trend toward an initial shorter median PFS for

the high-grade mucinous adenocarcinoma with signet ring cells invading tissue group;

however, this did not reach statistical significance (P = .32). Although early on (<1 year),

there appeared to be a difference, at 2 years, the curves overlapped demonstrating no

significant difference of PFS among the 3 groups. For the high-grade mucinous

adenocarcinoma with signet ring cells invading tissue group, median PFS was 0.2 years

versus the high-grade mucinous adenocarcinoma without signet ring cells group and high-

grade mucinous adenocarcinoma with signet ring cells in mucin pools group with 1.0 and

1.1 years, respectively.

Despite the exhaustive effort to recall the appendiceal primaries for evaluation, a

considerable number remained at large. The retrieved cases, however, provided some

correlation between the appendiceal primary and peritoneal disease (Supplementary Table

1). With the low-grade mucinous adenocarcinoma group, 5 of the 11 cases originated from

appendiceal well-differentiated mucinous adenocarcinoma. Two of those cases had the

appearance of either mucinous adenoma or low-grade mucinous neoplasm, but given the

extra-appendiceal spread, these mucinous lesions qualified for appendiceal mucinous

adenocarcinoma [13]. With the high-grade mucinous adenocarcinoma without signet ring

cells group, 11 of the 15 cases were retrieved showing appendiceal mucinous

adenocarcinoma ranging from well to poorly differentiated and none showing signet ring

cells. With the high-grade mucinous adenocarcinoma with signet ring cells in mucin pools

group, 13 of the 20 cases were retrieved with the appendiceal primary showing similar

grading to the appendiceal primary of the high-grade mucinous adenocarcinoma without

signet ring cells group. Four of those cases, however, showed some signet ring cell

differentiation with 1 being potentially a signet ring cell ex–goblet cell carcinoid. Finally,

with the signet ring cells invading tissue group, 6 of the 9 cases were retrieved and showed

signet ring cell differentiation with 3 cases being potentially a signet ring cell ex–goblet cell

carcinoid.

4. Discussion

Appendiceal mucinous tumors have long been enigmatic with arguably unpredictable

biologic potential for extra-appendiceal spread to develop mucinous adenocarcinoma [14].

There are a few published series integrating laboratory and immunohistochemical

information in inferring prognosis for mucinous adenocarcinoma [15,16]. This is further

confounded because extra-appendiceal spread has been plagued by inconsistent and

controversial histologic and reporting criteria to deduce biologic potential [14].

Although seemingly intuitive that signet ring cells should qualify as high-grade mucinous

adenocarcinoma, it should be reiterated that, in the older series by Ronnett el al [1], signet

ring cells were present in some cases of what is considered low-grade mucinous

adenocarcinoma. In that series, those cases with signet ring cells should have been
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categorized as PMCA or high-grade mucinous adenocarcinoma. However, by including

signet ring cells in PMCA-I, this falsely widened the difference between DPAM and

PMCA-I.

Our findings support the presence of signet ring cells as high-grade mucinous

adenocarcinoma and exclude their presence in low-grade mucinous adenocarcinoma. (1) Of

all cases with signet ring cells, other high-grade features were present in the glandular

epithelium such as high-grade cytology with coarse chromatin and/or prominent nucleoli.

(2) The prognostic OS and PFS curves for high-grade mucinous adenocarcinoma without

signet ring cells group and high-grade mucinous adenocarcinoma with signet ring cells in

mucin pools group overlapped. (3) The 5-year OS for the high-grade mucinous

adenocarcinoma without signet ring cells group (31.8% [SE, 14.4%]) and the high-grade

mucinous adenocarcinoma with signet ring cells in mucin pools group (35.8% [SE, 13.9%])

corresponded similarly to historical 5-year OS of high-grade mucinous adenocarcinoma/

PMCA cases by Bradley et al (37.7% [SE, 11.2%]) [2]. (4) No cases of low-grade mucinous

adenocarcinoma showed signet ring cells, although this reflected a limited number of cases.

There should be some acknowledgement that the presence of signet ring cells in

extracellular mucin pools is arguably subjective due to the occasional bland appearance of

signet ring cells. We also often found the presence of signet ring cells in extracellular mucin

pools focal, and thus, both factors may have accounted for why cases with signet ring cells

were included in the category of PMCA-I in the older series by Ronnett et al [1]. It was

interesting, although not surprising, that the high-grade mucinous adenocarcinoma with

signet ring cells in mucin pools group behaved similarly to the high-grade mucinous

adenocarcinoma without signet ring cells group.

The most significant finding of our study was the observation that the high-grade mucinous

adenocarcinoma with signet ring cells invading tissue group drastically worsened prognosis

(median OS, 0.5 years) when compared with the high-grade mucinous adenocarcinoma

without signet ring cells group and high-grade mucinous adenocarcinoma with signet ring

cells in mucin pools group (median OS, 2.9 and 2.4 years, respectively). Moreover, signet

ring cell invasion of tissue was not subtle in our series, with most (90%) cases having

extensive and readily identifiable tissue invasion. This striking drop in survival with the

high-grade mucinous adenocarcinoma with signet ring cells invading tissue group was far

beyond what would be expected from just a designation of high-grade mucinous

adenocarcinoma. For the high-grade mucinous adenocarcinoma with signet ring cells

invading tissue group in our series, 1-year OS was 33.3% (SE, 15.7%), whereas for the high-

grade mucinous adenocarcinoma in the series by Bradley et al [2], 1-year OS was 70.0%

(SE, 10.4%).

This is the first study to focus solely on the impact of signet ring cells in extra-appendiceal

spread of appendiceal mucinous tumors. In their series, Pai et al [17] evaluated their

specimens from the opposite perspective by stratifying appendiceal primaries into tiers.

Their series, however, did not focus specifically on the effect of signet ring cells, and there

was no stratification of the peritoneal deposits of mucinous adenocarcinoma [17]. Two other

studies investigated the presence of signet ring cells in the appendiceal tumor in the setting
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of mucinous adenocarcinoma and showed worse prognoses in primary tumors with signet

ring cells [10,11]. With colorectal adenocarcinoma, the presence of signet ring cells was

more established as a worse prognostic attribute [6-9]. Not only was our study the first study

to focus specifically on signet ring cells in extra-appendiceal spread of appendiceal

mucinous tumors, but we also went further than prior studies in examining the extent and

localization of signet ring cells in extracellular mucin pools or in tissue, plus correlated

clinical survival data and clinical resection status. Based on the relatively dismal prognosis

in patients with signet ring cell tissue invasion, we propose that such characterization should

be included in the pathology report as additional prognostic information.

As mentioned, the prior appendiceal primaries were returned to the referring institution. The

cases dated back to 1998, and relying on the older pathology reporting to subtype accurately

the appendiceal primary tumor was ineffective due to the ever changing terminologies used

to describe appendiceal tumors [14]. Although a large number of appendiceal tumors were at

large, some correlations were able to be made from retrieved primaries for which there was

correlation between the appendiceal primary and peritoneal mucinous adenocarcinoma. Of

the low-grade mucinous adenocarcinoma group, no appendiceal primary was moderate to

poorly differentiated, and none showed signet ring cell differentiation. Of both the high-

grade mucinous adenocarcinoma without signet ring cells group and high-grade mucinous

adenocarcinoma with signet ring cells in mucin pools group, the appendiceal primary

showed varying degrees of differentiation from well to poorly differentiated. With the high-

grade mucinous adenocarcinoma with signet ring cells in mucin pools group, there was

signet ring cell differentiation in some of the appendiceal primaries, 3 cases having signet

ring cells focally and 1 being potentially a signet ring cell ex–goblet cell carcinoid. As the

high-grade mucinous adenocarcinoma without signet ring cells group and high-grade

mucinous adenocarcinoma with signet ring cells in mucin pools groups behaved similarly,

finding some signet ring cells in the appendiceal primary may counter some of the evidence

as presented in prior studies of appendiceal primaries showing signet ring cells with worse

survival [10,11]. Those studies, unlike ours, did not focus specifically on signet ring cell

extent particularly when signet ring cell presence was focal and most likely included only

cases where signet ring cell presence in the appendiceal primary was extensive. The most

aggressive pathology in the appendiceal primary was seen in the signet ring cells invading

tissue group where 6 cases showed signet ring cell differentiation with 3 cases potentially

being signet ring cell ex–goblet cell carcinoid. It is acknowledged that the suspicion for

signet ring cell ex–goblet cell carcinoid was made through morphology alone. As these

appendiceal resection specimens were older and tissue blocks irretrievable, neuroendocrine

marker immunohistochemistry was not performed for support.

Our hypotheses for the dismal prognosis of the high-grade mucinous adenocarcinoma with

signet ring cells invading tissue group are 2-fold. The first hypothesis is that the

pathobiology of signet ring cells invading tissue is more aggressive. The signet ring cell

subtype has already shown worsened prognosis in primary appendiceal tumors [10,11];

however, the molecular pathogenesis behind signet ring cells invading tissue may be

different from signet ring cells situated in mucin. In the high-grade mucinous

adenocarcinoma with signet ring cells invading tissue group, not only were signet ring cells

seen invading tissue, but signet ring cells were also present within mucin, suggesting that
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invasion into tissue potentially reflects an additional step in the molecular pathogenesis.

Furthermore, mucin within the high-grade mucinous adenocarcinoma with signet ring cells

invading tissue group showed a tendency for dissection to suggest that the signet ring cells

in this group may either be changing the microenvironment or eliciting factors into the

mucin or tissue to enable for both invasion and dissecting mucin. This obviously requires

future investigation into the molecular pathogenesis.

The second hypothesis for the dismal prognosis is that those signet ring cells invading tissue

make complete resection improbable and, hence, worsen outcome. Although not statistically

significant, the high-grade mucinous adenocarcinoma without signet ring cells group and the

high-grade mucinous adenocarcinoma with signet ring cells in mucin pools group had a

higher proportion of complete resections versus the high-grade mucinous adenocarcinoma

with signet ring cells invading tissue group. The higher proportion of incomplete surgical

resections reflected in the high-grade mucinous adenocarcinoma with signet ring cells

invading tissue group raises the possibility of selection bias toward a worsened outcome.

However, it is also justly argued that signet ring cells invading tissue, by their aggressive

nature with widespread extension, make complete resections much more difficult and,

therefore, pose a potential contraindication to cytoreductive surgery plus hyperthermic

intraperitoneal chemotherapy.

5. Conclusions

Signet ring cells occurred in mucinous adenocarcinoma where glandular epithelium showed

high-grade features. Signet ring cells were absent for all of our cases of low-grade mucinous

adenocarcinoma; however, the sample was limited for more definitive inference. Finding

signet ring cells floating in extracellular mucin pools made no difference in prognosis

compared with cases of high-grade mucinous adenocarcinoma without signet ring cells with

the caveat that signet ring cells floating in extracellular mucin pools was often focal. By

contrast, signet ring cell tissue invasion was often extensive and dramatically worsened

survival. Thus, the qualification of signet ring cells invading into tissue particularly when it

is extensive appears justified in the reporting of high-grade mucinous adenocarcinoma of

appendiceal origin and especially if the appendiceal primary is not known.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

[1]. Ronnett BM, Zahn CM, Kurman RJ, et al. Disseminated peritoneal adenomucinosis and peritoneal
mucinous carcinomatosis. A clinicopathologic analysis of 109 cases with emphasis on
distinguishing pathologic features, site of origin, prognosis, and relationship to “pseudomyxoma
peritonei”. Am J Surg Pathol. 1995; 19:1390–408. [PubMed: 7503361]

[2]. Bradley RF, Stewart JH 4th, Russell GB, et al. Pseudomyxoma peritonei of appendiceal origin: a
clinicopathologic analysis of 101 patients uniformly treated at a single institution, with literature
review. Am J Surg Pathol. 2006; 30:551–9. [PubMed: 16699309]

Sirintrapun et al. Page 9

Hum Pathol. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



[3]. Geisinger KR, Levine EA, Shen P, et al. Pleuropulmonary involvement in pseudomyxoma
peritonei: morphologic assessment and literature review. Am J Clin Pathol. 2007; 127:135–43.
[Review]. [PubMed: 17145619]

[4]. Chua TC, Moran BJ, Sugarbaker PH, et al. Early- and long-term outcome data of patients with
pseudomyxoma peritonei from appendiceal origin treated by a strategy of cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy. J Clin Oncol. 2012; 30:2449–56. [PubMed:
22614976]

[5]. Edge, S.; Byrd, DR.; Compton, CC., et al., editors. AJCC Cancer Staging Manual. 7th ed.
Springer; 2010.

[6]. Hyngstrom JR, Hu CY, Xing Y, et al. Clinicopathology and outcomes for mucinous and signet
ring colorectal adenocarcinoma: analysis from the National Cancer Data Base. Ann Surg Oncol.
2012; 19:2814–21. [PubMed: 22476818]

[7]. Nitsche U, Zimmermann A, Späth C, et al. Mucinous and signet ring cell colorectal cancers differ
from classical adenocarcinomas in tumor biology and prognosis. Ann Surg. 2013; 258:775–82.
[discussion 782-783]. [PubMed: 23989057]

[8]. Hartman DJ, Nikiforova MN, Chang DT, et al. Signet ring cell colorectal carcinoma: a distinct
subset of mucin-poor microsatellite-stable signet ring cell carcinoma associated with dismal
prognosis. Am J Surg Pathol. 2013; 37:969–77. [PubMed: 23681075]

[9]. Van Sweringen HL, Hanseman DJ, Ahmad SA, et al. Predictors of survival in patients with high-
grade peritoneal metastases undergoing cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy. Surgery. 2012; 152:617–24. [discussion 624-625]. [PubMed: 22943843]

[10]. Lieu CH, Lambert LA, Wolff RA, et al. Systemic chemotherapy and surgical cytoreduction for
poorly differentiated and signet ring cell adenocarcinomas of the appendix. Ann Oncol. 2012;
23:652–8. [PubMed: 21653683]

[11]. Turaga KK, Pappas SG, Gamblin T. Importance of histologic subtype in the staging of
appendiceal tumors. Ann Surg Oncol. 2012; 19:1379–85. [PubMed: 22302267]

[12]. Wittekind C, Compton C, Quirke P, et al. A uniform residual tumor (R) classification: integration
of the R classification and the circumferential margin status. Cancer. 2009; 115:3483–8.
[PubMed: 19536900]

[13]. Carr, NJ.; Sobin, LH. Adenocarcinoma of the appendix. In: Bosman, FT.; Carneiro, F.; Hruban,
RH., et al., editors. WHO Classification of Tumours of the Digestive System. WHO Press;
Geneva, Switzerland: 2010.

[14]. Panarelli NC, Yantiss RK. Mucinous neoplasms of the appendix and peritoneum. Arch Pathol
Lab Med. 2011; 135:1261–8. [PubMed: 21970481]

[15]. Baratti D, Kusamura S, Nonaka D, et al. Pseudomyxoma peritonei: clinical pathological and
biological prognostic factors in patients treated with cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy (HIPEC). Ann Surg Oncol. 2008; 15:526–34. [PubMed: 18043976]

[16]. Baratti D, Kusamura S, Nonaka D, et al. Pseudomyxoma peritonei: biological features are the
dominant prognostic determinants after complete cytoreduction and hyperthermic intraperitoneal
chemotherapy. Ann Surg. 2009; 249:243–9. [PubMed: 19212177]

[17]. Pai RK, Beck AH, Norton JA, et al. Appendiceal mucinous neoplasms: clinicopathologic study
of 116 cases with analysis of factors predicting recurrence. Am J Surg Pathol. 2009; 33:1425–39.
[PubMed: 19641451]

Sirintrapun et al. Page 10

Hum Pathol. Author manuscript; available in PMC 2014 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 1.
A, Example of low-grade mucinous adenocarcinoma (hematoxylin and eosin [H&E],

original magnification ×20). Mucin pools are paucicellular with complete absence of signet-

ring cells and occasional “adenoma-like” epithelium that lacks architectural complexity. The

nuclei are elongated with low-grade cytology and without prominent nucleoli or coarse

chromatin. Mucin pools are situated with circumscribed borders that never dissect. B,

Example of high-grade mucinous adenocarcinoma without signet-ring cells (H&E, ×20).

Glandular epithelium shows complex architecture. Nuclei show high-grade cytology with

prominent nucleoli or coarse chromatin. The epithelium is reminiscent of moderate to poorly

differentiated adenocarcinoma. Mucin is cellular and dirty but without signet-ring cells.
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Fig. 2.
Examples of high-grade mucinous adenocarcinoma with signet-ring cells in mucin pools

(H&E, ×20). Glandular epithelium shows often complex architecture. Nuclei show high-

grade cytology with prominent nucleoli or coarse chromatin. Mucin is cellular and dirty,

with occasional signet-ring cells. Tissue invasion by signet-ring cells is absent.
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Fig. 3.
Examples of high-grade mucinous adenocarcinoma with signet-ring cells invading tissue

(H&E, ×20). Signet-ring cells are widely invasive into tissue. Mucin is dissecting, and

signet-ring cells within the mucin are occasionally extensive.
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Fig. 4.
Kaplan-Meier analysis of overall (A) and progression free (B) survival for all 3 groups of

high-grade mucinous adenocarcinoma. A, There is close overlap between groups HG–no

SRC and HG-SRC M. Group HG-SRC T shows a statistically significant worsened

prognosis (P = .0015 overall). B, Initially (<1 year), there appears to be a difference between

HG-SRC T and the other 2 groups. At 2 years, the PFS curves nearly overlap. Differences in

PFS among the 3 groups did not reach statistical significance (P = .32). HG–no SRC, high-

grade mucinous adenocarcinoma without signet-ring cells; HG-SRC M, high-grade

mucinous adenocarcinoma with signet-ring cells in mucin pools; HG-SRC T, high-grade

mucinous adenocarcinoma with signet-ring cells invading tissue.
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Table 1

Completeness of cytoreductive surgery and hyperthermic intraperitoneal chemoperfusion

Residual tumor status by study group

Group Category

R0/R1 R2a R2b R2c Total

HG–no SRC 8/15 (53%) 2/15 (13%) 4/15 (27%) 1/15 (7%) 15

HG-SRC M 10/20 (50%) 3/20 (15%) 7/20 (35%) 0/20 (0%) 20

HG-SRC T 2/9 (22%) 4/9 (44%) 1/9 (11%) 2/9 (22%) 9

Total 20 9 12 3 44

Abbreviations: HG–no SRC, high-grade mucinous adenocarcinoma without signet-ring cells; HG-SRC M, high-grade mucinous adenocarcinoma
with signet-ring cells in mucin pools; HG-SRC T, high-grade mucinous adenocarcinoma with signet-ring cells invading tissue.
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Table 2

Specific OS and PFS statistics

Median 1 y 2 y 3 y 4 y 5 y

Group HG–no SRC Group comparisons for
significance for OS

OS 2.9 y 78.6 (11.0) 70.7 (12.4) 42.4 (14.8) 31.8 (14.4) 31.8 (14.4) HG–no SRC HG-SRC M P = .58

PFS 1.0 y 42.9 (13.2) 9.5 (8.8) 0 0 0 HG–no SRC HG-SRC T P = .004

Group HG-SRC M HG-SRC M HG-SRC T P = .003

OS 2.4 y 89.2 (7.2) 55.7 (11.7) 47.8 (12.4) 47.8 (12.4) 35.8 (13.9) Group comparisons for
significance for PFS

PFS 1.1 y 52.6 (11.5) 15.8 (8.4) 10.5 (7.0) 10.5 (7.0) 10.5 (7.0) HG–no SRC HG-SRC M P = .49

Group HG-SRC HG–no SRC HG-SRC T P = .28

OS 0.5 y 33.3 (15.7) 11.1 (10.5) NAa NAa NAa HG-SRC M HG-SRC T P = .18

PFS 0.2 y 22.2 (13.9) 11.1 (10.5) NAa NAa NAa

Abbreviations: OS, overall survival; PFS, progression-free survival; HG–no SRC, high-grade mucinous adenocarcinoma without signet ring cells;
HG-SRC M, high-grade mucinous adenocarcinoma with signet ring cells in mucin pools; HG-SRC T, high-grade mucinous adenocarcinoma with
signet-ring cells invading tissue; NA, not available.

a
No one has this much follow-up.
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