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ABSTRACT

Objectives: Treatment of soft tissue tumors in young patients

relies on the diagnostic information conveyed in the path-

ology report. We examined pathology reports from

Children’s Oncology Group ARST0332 for inclusion of data

elements required in published guidelines.

Methods: Pathology reports for 551 eligible patients were

examined for required data elements defined by the College

of American Pathologists, including tissue type, procedure,

tumor site, tumor maximum diameter, macroscopic extent of

tumor, histologic type, mitotic rate, extent of necrosis, tumor

grade, margin status, use of ancillary studies, and patho-

logic stage.

Results: Only 65 (12%) of 551 reports included all required

data elements. Of reports containing synoptic templates,

57% were complete.

Conclusions: This study reveals significant opportunity to

improve the quality of pathology reports in young patients

with soft tissue tumors. Use of templates or checklists im-

proves completeness of reports.

The complexity of oncologic pathology reporting has

increased dramatically in recent years due to advances in

scientific knowledge and cancer management. The informa-

tion provided in these reports is essential for therapeutic de-

cision making and prognostication, regulatory compliance,

quality assurance, tumor registry reporting, and retention of

tissue for research purposes. The pathologist plays a key

role in both interpreting and assembling this information in

an accessible format. Many publications from professional

organizations and expert pathologists have recommended

standardization of reports and implementation of cancer

checklists to optimize cancer reporting and communication

with treating physicians.1-11 In the past several years, the

momentum for comprehensive cancer reporting has grown

worldwide, with recommendations for using evidence-based

cancer report data sets for each cancer site published or in

development by the International Collaboration on Cancer

Reporting.12-16 Since 2004, the American College of

Surgeons Commission on Cancer has mandated that at least

90% of all oncologic pathology reports include the required

data elements for resection specimens outlined in the

College of American Pathologists (CAP) cancer protocols

to receive cancer center accreditation.11,17 Specific guide-

lines and checklists for soft tissue sarcomas and intermedi-

ate soft tissue tumors have been published since the late

1990s.18-21 Although several publications have analyzed

completeness of pathology reports from a quality perspec-

tive based on CAP Q-Probe surveys in adults,2,22 to our

knowledge, none has focused on soft tissue neoplasms in

adults or children. In addition, little comparative data exist

for tumor pathology reports in pediatric, adolescent, and
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young adult patients in contrast to tumors in adults, in whom

various carcinomas have been studied with regard to path-

ology reporting.

The Children’s Oncology Group (COG) clinical re-

search trial ARST0332 was a study of selected malignant

and intermediate biologic potential soft tissue tumors in pa-

tients younger than 30 years and was conducted between

2007 and 2012. As part of the analysis of results from this

study, we retrospectively examined original pathology re-

ports from enrolled patients for inclusion of the data elem-

ents recommended in the literature18-21 and in the 2012

version of the CAP checklist for soft tissue tumors.23 The re-

sults of this analysis provide unique information about how

pathology reports can be improved for young patients with

soft tissue tumors.

Materials and Methods

COG ARST0332 accrued 551 eligible patients from

February 5, 2007, to February 10, 2012. Informed consent

was required prior to study enrollment in accordance with

the Helsinki Declaration of 1975 and local institutional

review board approval at all study sites. Qualifying diag-

noses included malignant and selected intermediate rarely

metastasizing soft tissue neoplasms, referred to herein as

nonrhabdomyosarcoma soft tissue sarcomas (NRSTSs).

Certain tumors (rhabdomyosarcoma, Ewing sarcoma, and

malignant rhabdoid tumors) were excluded from COG

ARST0332 due to their inclusion in other COG clinical tri-

als. The tumor types encountered in ARST0332 are sum-

marized in Table 1 .24 For this analysis, we retrospectively

reclassified certain tumors according to the fourth edition of

the World Health Organization (WHO) classification of soft

tissue tumors because several significant changes had been

made in classification, especially among the fibroblastic-

myofibroblastic and nerve sheath tumors, tumors of uncer-

tain differentiation, and undifferentiated sarcomas, for pur-

poses of promoting current terminology.25

The study design of ARST0332 mandated rapid central

microscopic review of each patient’s diagnostic specimen

by two COG pathologists (C.M.C. and D.M.O.) to confirm

an eligible diagnosis prior to final enrollment. The study

protocol specified that the central review was for clinical

trial research purposes and did not constitute a diagnostic

pathology consultation or consultative opinion, and accord-

ingly, the COG pathology review form did not become part

of the patient medical record. The study protocol requested

that original institutional pathology reports provide specific

information about the tumor, including site and type of sam-

ple, specimen size, diagnosis, Pediatric Oncology Group

(POG) histologic grade (based on tumor type, mitotic rate,

and percent necrosis), tumor diameter, macroscopic extent

of tumor, margin status, use of ancillary studies, and their

results. These criteria were based on a literature review and

clinical criteria for therapeutic decision making during the

period of study design prior to the opening of ARST0332 in

2007. The COG central review pathologists completed a

study review form that included the sample type, original in-

stitutional diagnosis and POG grade, COG central review

diagnosis according to the 2002 WHO Classification of Soft

Tissue Tumors,26 and data elements (mitotic rate per 10

high-power fields, estimated tumor diagnosis in percentiles,

and cytodifferentiation score) necessary for grading. Cases

were graded using both the French Fédération Nationale des

Centres de Lutte Contre le Cancer (FNCLCC)27-29 and the

POG grading systems30,31 at the time of central review. The

original institutional pathology reports and the COG rapid

review forms were kept in a COG database for the study.

Notation was made when expert consultation reviews were

requested by the originating pathologist to arrive at a final

diagnosis (not counting COG central review as expert con-

sultation). For cases that were either called unclassified or un-

differentiated sarcomas by the COG central reviewers

(excluding the cases of undifferentiated sarcoma of the liver,

which is a distinct entity), the report was not considered defi-

cient when a WHO categorical diagnosis was not provided.

After the conclusion of ARST0332, we retrospectively

reviewed all institutional original pretreatment pathology

reports for required data elements as defined by the CAP

checklist of 2012,23 which was current at the time that this

project was initiated. The checklist data elements are sum-

marized in Table 2 and included tissue type (to confirm ap-

propriateness of use of this checklist), procedure, tumor site,

tumor maximum diameter, macroscopic extent of tumor,

histologic type based on the 2002 WHO Classification of

Soft Tissue Tumors,26 mitotic rate, extent of necrosis, tumor

grade, margin status, use of ancillary studies, and pathologic

stage. Indication of prebiopsy/pre-resection treatment,

lymph node examination, indication of metastatic disease,

and microscopic lymphovascular invasion were other cate-

gories in the checklists not studied here. The first CAP

checklist for sarcomas was published in 2006, just before

ARST0332 opened, with the initial patient enrolled in

February 2007. Subsequent iterations of the CAP checklist

for soft tissue tumors were posted on the CAP website in

October 2009 and February 2011, which required the same

data elements we examined in this study. For the purpose of

this article, we used the CAP checklist as a standard for re-

port completeness because it had become a standard of prac-

tice and an element for laboratory accreditation by 2012.

When reports were reviewed, data elements were looked for

in any part of the report (comment, addendum, consultant

letter, gross or microscopic description, or synoptic
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template), so synoptic reports were not considered deficient

if checklist elements (such as results of ancillary testing)

were listed elsewhere in the report.

For the analysis in this report, institutional reports con-

taining a grade in either system satisfied the grading require-

ment for determination of pathology report completeness.

Ancillary studies included application of histochemical stains,

immunohistochemical stains, electron microscopy, molecular

genetic studies, and conventional cytogenetic analysis.

There were specific situations when certain data elem-

ents would not be applicable, and in these cases, the report

was not considered deficient for these nonapplicable data

elements (detailed in Table 2). These instances included (1)

tumor diameter (not applicable for limited biopsy speci-

mens), (2) specification of soft tissue origin (not applicable

for organ-based tumors such as embryonal sarcoma of the

liver), (3) margin status (not required for limited biopsy spe-

cimens), (4) pathologic stage (not required for limited bio-

psy specimens), (5) grade (not required for tumors of WHO

intermediate rarely metastasizing biologic potential), (6)

grade (not required for a subset of sarcomas in which

histologic type is considered more relevant for predicting

outcome than pathologic grade, including malignant periph-

eral nerve sheath tumor, alveolar soft part sarcoma, clear

cell sarcoma, and epithelioid sarcoma), and (7) pathologic

stage (not required for intermediate rarely metastasizing

soft tissue tumors). Of note, tumor diameter is a required

CAP element for biopsy specimens, and while it is recog-

nized that pathologic size may not be determined in some

cases (limited biopsy specimens), CAP requests size deter-

mination from either clinical observation or radiographic

imaging, when available. Because we could not determine

the availability of this outside information from the path-

ology report alone, we did not count against the report if

tumor size was not listed for biopsy cases.

Results were tallied to determine the number of com-

plete reports for sarcomas and for intermediate rarely meta-

stasizing tumors, the number of reports of each type

Table 1
Diagnoses Enrolled in ARST0332

Diagnosis

No. (%) of Cases

(n 5 551)

Average No. of Missing

Data Elements

Synovial sarcoma 149 (27) 2.8

Undifferentiated sarcoma 65 (12) 3.4

Undifferentiated round cell sarcoma 19 (3)

Undifferentiated spindle cell sarcoma 15 (3)

Undifferentiated pleomorphic sarcoma 17 (3) 2.7

Undifferentiated epithelioid sarcoma 10 (3)

Undifferentiated sarcoma, NOS 4 (<1)

Malignant peripheral nerve sheath tumor 57 (11) 2.4

Embryonal sarcoma of liver 39 (7) 3.5

Epithelioid sarcoma 29 (5) 3.6

Alveolar soft part sarcoma 25 (5) 3.1

Liposarcoma 25 (5)

Myxoid liposarcoma 17 (3) 2.5

Pleomorphic liposarcoma 4 (<1) 4.0

Liposarcoma, NOS 4 (<1) 3.8

Dermatofibrosarcoma protuberans 21 (4) 2.2

Low-grade fibromyxoid sarcoma 18 (3) 3.7

Leiomyosarcoma 11 (2) 2.8

Plexiform fibrohistiocytic tumor 9 (2) 3.6

Angiomatoid fibrous histiocytoma 8 (1) 2.5

Clear cell sarcoma 7 (1) 3.9

Low-grade myofibroblastic sarcoma 6 (1) 3.5

Myoepithelial carcinoma 6 (1) 3.0

Angiosarcoma 6 (1) 3.0

Mesenchymal chondrosarcoma 5 (<1) 5.8

Solitary fibrous tumor 4 (<1) 2.5

Myxofibrosarcoma 3 (<1) 3.3

Sclerosing epithelioid fibrosarcoma 2 (<1) 5.0

PEComa (neoplasms with perivascular epithelioid cell differentiation) 2 (<1) 1.5

Myxoinflammatory fibroblastic sarcoma 2 (<1) 1.0

Adult-type fibrosarcoma 1 (<1) 2.0

Giant cell tumor of soft tissue 1 (<1) 3.0

Extraskeletal myxoid chondrosarcoma 1 (<1) 3.0

Sarcoma, not classified 49 (9) (Included with undifferentiated

sarcoma category)

NOS, not otherwise specified.
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missing one or more data elements, and whether a synoptic

template was used in the report. In addition, we compared the

average number of missing data elements between the follow-

ing types of cases: (1) reports from different years, (2) reports

from biopsy specimens vs resection specimens, (3) reports

from different tumor types, (4) reports from patients of differ-

ent age groups, and (5) reports from different types of institu-

tions (pediatric only vs those that treat pediatric and adult

patients). The latter determination was based on the scope of

practice of the pathology group signing out the report.

Results

The 551 cases included 506 soft tissue sarcomas and 45

intermediate rarely metastasizing soft tissue neoplasms.

Overall, only 65 (12%) reports contained all 12 required

data elements. Of the incomplete reports, nearly half (43%)

were missing four or more data elements Table 3 . Of the

506 soft tissue sarcomas, 61 (12%) reports were complete.

Among the incomplete sarcoma reports, the number of miss-

ing elements was as follows: one (12%) element in 59 re-

ports, two (12%) elements in 64 reports, three (19%)

elements in 96 reports, four (19%) elements in 96 reports,

five (18%) elements in 91 reports, and six (8%) or more

elements in 39 reports. Of the 45 intermediate rarely meta-

stasizing tumors, only four (9%) reports were complete, and

of the incomplete reports, the number of missing elements

was as follows: one (18%) element in eight reports, two

(20%) elements in nine reports, three (24%) elements in 11

reports, four (22%) elements in 10 reports, and five (7%)

elements in three reports. There was no significant differ-

ence in the number of complete sarcoma reports compared

with the number of complete intermediate rarely metastasiz-

ing tumor reports (P¼ .51). However, there is a significant

difference in the average number of missing elements from

the sarcoma reports (mean, 3.1) vs the intermediate rarely

metastasizing tumor reports (mean, 2.5) (P¼ .009).

The most frequently omitted data elements are com-

pared between all reports, sarcoma reports, and intermediate

rarely metastasizing tumor reports in Table 4 . Extent of ne-

crosis was the most frequently omitted element from all

types of reports, missing from 342 (62%) of all reports,

including 312 (62%) sarcoma reports and 30 (67%) inter-

mediate tumor reports. In many reports, assessment of ne-

crosis was subjective, using qualitative terms such as

extensive or minimal, but no quantitative measure was pro-

vided, as required for sarcoma grading according to both the

POG and FNCLCC grading systems.

A specific mitotic rate was absent from 287 (52%) of

551 reports, including 265 (53%) sarcoma reports and 22

(49%) intermediate tumor reports. In many cases, the mitotic

rate was described in a qualitative rather than a quantitative

way as “minimal” or “abundant,” without definition of the

number of mitoses per 10 high-power fields, which is required

for tumor grading. Of note, mitotic rate was considered an op-

tional checklist item in the initial 2006 CAP checklist, but it

became a required element in all subsequent versions, begin-

ning with the October 2009 version. Macroscopic extent of

tumor (ie, whether the tumor is deep or superficial) was omit-

ted in 272 (49%) of all reports, including 242 (48%) sarcoma

reports and 30 (67%) intermediate tumor reports. This param-

eter is required for tumor staging in the American Joint

Committee on Cancer system.

Pathologic stage was required only for sarcomas and

was not required for biopsy specimens, yet pathologic stage

Table 2
Data Elements Required for Soft Tissue Tumor Reportsa

Element

Soft tissue originb

Procedure

Tumor site

Maximum diameterc

Macroscopic extent (deep vs superficial)

Histologic typed

Mitotic rate (No. of mitoses/10 high-power fields)

Necrosis (%)

Gradee,f

Margin statusc

Description of ancillary studies performed

Pathologic stagec,e

aThese are the data elements outlined by the College of American Pathologists39 and

were all required with the exception of mitotic rate, which was optional in the initial

checklist and not required until the October 2009 version.
bThis element is not required for embryonal sarcoma of the liver, which is an organ-

specific tumor (39 cases).
cThese elements are not required for limited biopsy specimens (171 cases).
dHistologic type is defined by the World Health Organization.25

eThese elements are not required for intermediate rarely metastasizing tumors

(45 cases).
fThis element not required for a select group of sarcomas, including malignant per-

ipheral nerve sheath tumor, alveolar soft part sarcoma, clear cell sarcoma, epithelioid

sarcoma, angiosarcoma, and extraskeletal myxoid chrondrosarcoma (125 cases

combined).

Table 3
Frequency of Missing Required Data Elements in Baseline

Pathology Reports

No. of Missing

Data Elements

Overall

(n 5 551),

No. (%)

Sarcomas

(n 5 506),

No. (%)

Intermediate Rarely

Metastasizing Tumors

(n 5 45), No. (%)

0 65 (12) 61 (12) 4 (9)

1 68 (12) 59 (12) 8 (18)

2 75 (13) 64 (12) 9 (20)

3 105 (19) 96 (19) 11 (24)

4 106 (19) 96 (19) 10 (22)

5 93 (17) 91 (18) 3 (7)

�6 39 (7) 39 (8) Not applicable
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was the fourth most commonly omitted data element, miss-

ing from 235 reports (70% of 335 evaluable reports). Tumor

grade was not required for intermediate rarely metastasizing

tumors or for a select group of sarcomas for which tumor

grade was not recommended by the FNCLCC, as docu-

mented in the WHO classification that was current during

the study period.26 This group of ungraded sarcomas

included 125 tumors, comprising 57 malignant peripheral

nerve sheath tumors, 29 epithelioid sarcomas, 25 alveolar

soft part sarcomas, seven clear cell sarcomas, six angiosar-

comas, and one extraskeletal myxoid chondrosarcoma.

Among these tumors, 41 were still graded in the baseline

pathology report, including 25 malignant peripheral nerve

sheath tumors, six epithelioid sarcomas, seven alveolar soft

part sarcomas, and three angiosarcomas. Of note, the POG

grading system includes alveolar soft part sarcoma (grade 3)

and malignant peripheral nerve sheath tumor with low grade

histologic features (grade 1) and has general grading criteria

in grades 2 and 3 that do not preclude grading of any sar-

coma, which may explain why some of these tumors were

graded in this pediatric setting. Pathologic grade was omit-

ted from 227 reports (60% of 381 evaluable reports).

Specification of tissue type (soft tissue in most cases) was

absent from 158 (29%) of all reports, including 150 (30%)

sarcoma reports and eight (18%) intermediate tumor reports.

Of 551 tumors, 171 were biopsied only, precluding

characterization of margin status and tumor diameter in

these cases, leaving 380 cases in which margin status and

tumor diameter would be relevant data elements. Tumor

diameter was not included in 54 (14%) of the 380 in which

it would have been applicable, including 45 sarcoma reports

and nine intermediate tumor reports. Among the excisional

biopsy specimens or other types of resection in which infor-

mation about margins would be relevant, 30 (8%) of 380 did

not include margin status, including 27 sarcoma reports and

three intermediate tumor reports. In 25 (5%) of all reports,

including 21 (4%) sarcoma reports and four (9%) intermedi-

ate tumor reports, there was no remark about whether ancil-

lary studies were used to make the diagnosis. While it is not

required to use ancillary studies for diagnosis, it was not

clear from these reports whether ancillary studies were sim-

ply not used or just not described. The procedure type was

missing from the report in 23 (4%) of all reports, all of

which were sarcomas.

The specific histologic type according to the WHO

classification of soft tissue tumors was absent in eight (2%)

of all pathology reports, seven (1%) sarcoma reports, and

one (2%) intermediate tumor report. For three of the sar-

coma cases, a descriptive diagnosis was issued and the case

was sent for expert consultation, but the result of the con-

sultation was not obtained in the database. Subsequent sur-

geries for these three patients (posttreatment, relapse, or

metastasis resections) were signed out with a WHO diagno-

sis. An additional three cases were given descriptive diag-

noses based on limited needle biopsy material, and the

report noted that material was sent out for molecular testing.

No addendum was submitted to the database to clarify re-

sults or diagnosis, but subsequent resection reports were

submitted with WHO diagnoses. The remaining two cases

were given descriptive diagnoses (one sarcoma and one

Table 4
Omitted Data Elements

No./Total No. (%) of Omitting Reports

Data Element

No. of Evaluable

Cases Out of Total

(n 5 551)

No./Total No. of

Omitting Reports

(% of Evaluable Reports)

Sarcomas Only

(n 5 506)

Intermediate Rarely

Metastasizing Tumors

Only (n 5 45)

Extent of necrosis 551 342/551 (62) 312/506 (62) 30/45 (67)

Mitotic rate 551 287/551 (52) 265/506 (52) 22/45 (49)

Macroscopic extent

(superficial vs deep)

551 272/551 (49) 242/506 (48) 30/45 (67)

Pathologic stage 335a 235/335 (70) 235/335 (43) NA

Tumor grade 381b 227/381 (60) 227/381 (45) NA

Tissue type 512c 158/512 (31) 158/467 (34) 8/45 (18)

Maximum tumor diameter 380d 54/380 (14) 45/336 (13) 9/44 (20)

Margin status 380d 30/380 (8) 27/336 (8) 3/44 (7)

Ancillary study description 551 25/551 (5) 21/506 (4) 4/45 (9)

Procedure 551 23/551 (4) 23/506 (5) 0

Diagnosis 551 8/551 (2) 7/506 (1) 1/45 (2)

Site 551 0 0 0

NA, not applicable.
aThis figure excludes World Health Organization (WHO) intermediate malignant potential tumors (n¼ 45) and limited biopsy specimens (n¼ 171).
bThis figure excludes WHO intermediate malignant potential tumors (n¼ 45) and nongraded sarcomas (n¼ 125) according to the College of American Pathologists checklist:

malignant peripheral nerve sheath tumor, alveolar soft part sarcoma, clear cell sarcoma angiosarcoma, extraskeletal myxoid chondrosarcoma, and epithelioid sarcoma.
cThis figure excludes the organ-based tumors that are not soft tissue based (n¼ 39).
dThis figure excludes specimens obtained as limited biopsy specimens (n¼ 171).
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intermediate rarely metastasizing tumor) at the recommen-

dation of external reviewers, but the COG central reviewers

assigned a definitive WHO diagnosis, so they were not con-

sidered unclassified or undifferentiated for purposes of this

study. Tumor site was not omitted from any reports.

Synoptic template use was observed in 88 (16%) of the

551 reports. Of these, 50 (57%) were complete, providing

all required data elements. However, among the 463 free

text reports, only 15 (3%) contained all required data elem-

ents, which was a highly statistically significant difference

(P< .00001). The average number of missing data elements

from synoptic reports was 0.8 compared with 3.5 for those

that did not. When comparing the number of omitted data

elements, synoptic templates were more frequently com-

plete Table 5 . Whereas 50% of free text reports were miss-

ing four or more data elements, only 5% of reports using

synoptic templates were missing four or more data elem-

ents. Template use was examined according to year of en-

rollment and was as follows: seven (15%) of 47 reports in

2007, seven (8%) of 89 reports in 2008, 15 (11%) of 132 re-

ports in 2009, 18 (14%) of 128 reports in 2010, 40 (28%) of

144 reports in 2011, and one (9%) of 11 reports in 2012.

The difference between 2011 and previous years was statis-

tically significant (P¼ .001).

When looking at the tumor type, the average number of

missing elements (listed in Table 1) ranged from 1 to 5.8,

with outliers observed for tumors for which there were

fewer than 10 cases. For tumors types with more than at

least 10 cases, the average number ranged from 2.2 to 3.7.

When examined by the year of enrollment, the average

number of missing elements was as follows: 3.1 for 2007

(n¼ 47), 3.2 for 2008 (n¼ 89), 3.4 for 2009 (n¼ 132), 3.5

for 2010 (n¼ 128), 2.3 for 2011 (n¼ 144), and 1.6 for 2012

(n¼ 11). These data suggest improvement over time.

According to age, the average number of missing data elem-

ents was as follows: 3.5 for ages 0 to 9.9 years (n¼ 144),

3.0 for ages 10 to 19.9 years (n¼ 359), and 2.3 for ages 20

to 30 years (n¼ 48). The difference between the 0 to 10

years group and the 10 to 30 years group was significant

(P¼ .0019), as was the difference between the 0 to 20 years

group and the 20 to 30 years group (P¼ .0048).

When analyzing by institution type, the average number

of missing elements was 3.1 for institutions treating adult

and pediatric patients (n¼ 296) and 3.0 for institutions

treating pediatric patients only (n¼ 255), which was not a

statistically significant difference (P ¼ .1588). The average

number of missing elements for biopsy cases (n¼ 171) was

2.7 compared with 3.2 for resection specimens (n¼ 380),

which was a significant difference (P¼ .0007).

Expert consultation was obtained for 195 (35%) of 551

cases, and the quality of the resulting pathology reports was

compared. Among the 195 reports involving consultants, 25

(13%) used synoptic reports and 170 (97%) did not.

Complete reports (no missing data elements) were seen in 13

(7%) of 195 cases seen by expert consultants vs 52 (15%) of

356 complete reports from cases not seen by a consultant.

This difference is statistically significant (P¼ .0024). The

average number of missing data elements from reports on

cases reviewed by consultants was 3.4 compared with 2.9 for

cases that did not involve a consultant, which was a statistic-

ally significant difference (P¼ .0053).

Discussion

Prospective and retrospective studies of NRSTSs in

children and adolescents have shown over several decades

that in addition to diagnosis and the presence or absence of

metastatic disease, the most important factors influencing

outcome are tumor grade, size, and extent of resection.32-38

Careful documentation of these disease features in the path-

ology report is critical for appropriate patient staging, risk

assessment, treatment selection, and prognostication.

Specific data elements are required by the Commission on

Cancer for resection specimens and the CAP for inclusion in

cancer reports regardless of the patient’s age.11,17,39 The

required data elements for sarcomas and intermediate rarely

metastasizing soft tissue tumors have been published in the

form of report guidelines or protocols over the past two dec-

ades.18-21,23 In this retrospective pathologic review of report

quality in a large, multi-institutional prospective clinical

trial that used these data elements for therapeutic stratifica-

tion, the pathology reports were complete according to pub-

lished criteria in only 12% of cases. Among the 88% of

deficient pathology reports, nearly half (43%) lacked four or

more data elements. Compared with data published in CAP

surveys from predominantly adult patients,2,22 this study

suggests there is less compliance with cancer reporting

Table 5
Pathology Report Inclusion of Required Data Elements Based on Report Type

Type of Report

No. (%) of Missing Data Elements

0a 1 2 3 4 5 61

Free text (n ¼ 463) 15 (3) 46 (10) 67 (15) 102 (22) 104 (23) 90 (19) 39 (8)

Synoptic template (n ¼ 88) 50 (57) 22 (25) 8 (10) 3 (3) 2 (2) 3 (3) 0

aThe difference between the number of complete reports using free text vs synoptic templates was statistically significant (P< .00001).
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requirements in pediatric, adolescent, and young adult

patients.

Only 16% of the original institutional pathology reports

in ARST0332 included synoptic templates of some type.

Template use for soft tissue sarcomas came into practice

during the course of ARST0332 and may not have been

widely implemented until later in the study or after its clos-

ure, due to changing cancer reporting requirements. The

rate of implementation we observed ranged from 8% to

15% in the first 4 years of the study, with an increase up to

28% in 2011, suggesting a change in practice was beginning

to occur. Use of synoptic templates has been encouraged to

prompt the pathologist to include all the relevant informa-

tion and to provide it in a consistent format. Pathology re-

port completeness has been improved in all studies to date

when a template or checklist is used.9,10,40 A CAP Q-Probe

on reports for breast, colon, rectum, and prostate cancer spe-

cimens demonstrated report completeness in 34% when no

template was used compared with 88% with use of tem-

plates. Report completeness also improved in institutions

with systems in place to track errors.22 Another Q-Probe for

colorectal cancer reports revealed that the single factor that

contributed most to report completeness was use of a report

checklist that prompts the pathologist to include all essential

data.2 A checklist does not guarantee that all reports will be

complete.8 However, in ARST0332, reports that incorpo-

rated a synoptic checklist were more often complete, in 57%

of cases, compared with only 3% of free text reports.

In view of these findings, there is a clear opportunity to

improve clinical care through the information provided in

pathology reports for children, adolescents, and young

adults with soft tissue neoplasms. Identification of barriers

to providing complete pathology reports and of potential

age related issues is beyond the scope of this study, apart

from the documented benefits of synoptic templates.

However, we can offer several possible contributing factors

and ideas based on our clinical experience. Cancer occurs

less frequently in children than in adults, and the types of

cancers that are more common in adults differ from those in

children and adolescents. Even experienced surgical and

pediatric pathologists find sarcomas challenging, and exter-

nal consultations are not infrequently sought to clarify ques-

tions about this type of case. Perhaps the external

consultation rate is higher for NRSTSs due to their rarity

and diagnostic diversity, but no data exist apart from the

current report of a 35% consultation rate. Our clinical ex-

perience would also support the concept that external con-

sultation is sought more often for NRSTSs than for more

common neoplasms. We would emphasize, however, that

the COG central review in ARST0332 did not constitute any

type of consultation or diagnostic opinion for patient care,

and COG reports were intended only for protocol purposes

and not for the patient’s medical record. Another challenge

is that new entities continue to be reported and previously

recognized entities are reconsidered and reclassified as the

use of immunohistochemical and molecular diagnostic tests

expands in synchrony with new discoveries about mesen-

chymal neoplasms. Cancer report templates may not have

become as widely used in the pediatric and adolescent care

setting, since publications regarding cancer report templates

have focused on malignancies in adults, particularly carcin-

omas, which are relatively uncommon in young patients.

However, some of the pathology reporting issues might be a

particular aspect of childhood NRSTSs, as there are now

published pathology report protocols for more common

pediatric tumors, such as neuroblastoma, Wilms tumor,

Ewing sarcoma, and rhabdomyosarcoma.41-44

Expert consultation may be helpful and even necessary

to establish the diagnosis in difficult cases, but our data sug-

gest that reports including a consultant opinion had a higher

average number of missing data elements compared with

those without a consultant and showed half the number of

complete reports compared with those without consultants

(7% vs 15%). This suggests that originating institutions may

rely on consultants/referring institutions to complete check-

lists, but not all consultants provide this service. From our

point of view, the consultant may not have all of the necessary

information to complete a checklist, and so the primary im-

petus should fall on the originating institution to complete the

checklist, taking into consideration the consultant’s opinions.

Another point of confusion may arise from the dis-

claimer that has been included in all of the CAP checklists

since the original version, stating that “these recommenda-

tions are designed to be applied principally to soft tissue sar-

comas in teenagers and adults, since pediatric sarcomas are,

in general, treated under strict protocols that may differ sig-

nificantly from the recommendations supplied herein.”39

This disclaimer suggests that the templates may not be ap-

plicable in children and may prevent use by the pathologist.

While treatment strategies may differ, the information needed

is not different for adult NRSTSs vs pediatric NRSTSs, and

clarification of this point may be useful in promoting check-

list use. To support this observation, our study shows that

older child, adolescent, and young adult pathology reports

show a lower average number of missing data elements com-

pared with children younger than 10 years and that reporting

is more often complete in young adults 20 years and older.

It might be expected that institutions caring for both

adults and children would have more complete reports than

those that care for children only, based on experience with

cancer reporting for adult carcinomas. We examined reports

from both types of institutions in our study and found that

there was not a significant difference in the average number

of missing data elements between the different types of
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institutions, which, at least in this study, does not explain

why complete reporting levels are poor. No discernible

trend was observed between average missing data elements

for different diagnoses.

Data also indicate that the style of free text reports

varies markedly between individual pathologists, which can

make it difficult for other physicians reading the report to

consistently find information.1-10 These differences may in-

fluence use of standardized formats and templates in cancer

reporting in pediatric centers. Also, the structure and organ-

ization of a report template can affect report completeness.

A recent study that looked at template format and report

completeness in adult surgical pathology cases noted that

compliance improved with restructuring of existing synoptic

templates.45 The authors observed that reports with inter-

mingling of required and nonrequired elements had more

omissions and that changing the templates to list required

elements before nonrequired ancillary information im-

proved report completeness.

Other potential contributing factors to less than com-

plete information in reports may be an institutional tradition

of report style that has not incorporated current guidelines,

lack of standardization of reports resulting in more individ-

ual variability among pathologists, absence of quality met-

rics to assess report completeness and implement

improvements such as an ongoing quality program, difficult

laboratory information systems, transcription processes, or

other local processes. For example, centers that are involved

in COG protocols have research nurses or other ancillary

staff who compile the necessary information for COG proto-

col enrollment, and these individuals may contact the path-

ologist to request information missing from the pathology

report, without necessarily requiring an amended report.

While this practice ensures that clinical trial enrollment

occurs successfully, it may circumvent inclusion of com-

plete information in the institutional pathology report. An

unintended yet serious consequence could be a persistent in-

complete pathology report in the medical record, with sub-

sequent challenges in clinical care and pathologic

evaluation if the patient develops recurrent or metastatic

cancer or a second malignant neoplasm.

NRSTSs are rare at any age. In ARST0332, more than

35% of cases had external consultation to generate a final

diagnosis, a statistic that highlights the complexity and po-

tential diagnostic challenges for these uncommon and di-

verse entities. Diagnostic classification systems evolve,

requiring continuous learning and application of new ancil-

lary techniques such as immunohistochemical stains and

molecular diagnostic tests.46,47

The use of different grading systems based on patient

age may create additional challenges in pathology reporting.

A National Cancer Institute study of tumor grading

published in 1988 showed that only 25% of sarcomas were

graded, much less than other types of neoplasms, and is the

only publication predating our study about general tumor

grading practice, which notably comes before standardiza-

tion efforts and the CAP checklists.48 The American Joint

Committee on Cancer now requires an FNCLCC grade for

cancer reports. The FNCLCC system is the most widely

used grading system and is required for grading and staging

of adult tumors, but its use in pediatric sarcomas is less es-

tablished, although data suggest that the FNCLCC and POG

grading systems are comparable for prognostication.49 The

POG grading system, which was designed in 1987 for pedi-

atric NRSTSs and first published in 1992, is outdated and

includes a mixture of intermediate rarely metastasizing and

malignant soft tissue neoplasms among the POG grade 1

sarcomas. Our study also revealed a practice difference in

grading of certain types of soft tissue sarcomas. Published

data have previously suggested that grading certain tumors,

such as malignant peripheral nerve sheath tumor, epithelioid

sarcoma, alveolar soft part sarcoma, angiosarcoma, extra-

skeletal myxoid chondrosarcoma, and clear cell sarcoma, is

unnecessary since all are considered high-grade sarcomas

regardless of histologic features, and this was the viewpoint

published in the WHO classification in 2002,26 which was

relevant at the time of this study. Notably, this recommenda-

tion has been modified in the most recent WHO classifica-

tion, and malignant peripheral nerve sheath tumor is no

longer included in this list of tumors for which grading is

considered less informative, underscoring the fact that our

understanding of these tumors continues to evolve. Reports

in this study were not considered deficient if these tumors

were not graded, although many reports for these subtypes

still included a grade. One of the aims of ARST0332 was to

further evaluate the utility of FNCLCC vs POG grading for

childhood and adolescent sarcomas, and this question will

be explored in a separate publication.

Our findings have important implications for young pa-

tients with NRSTSs. Incomplete pathology reporting may

alter treatment selection since tumor grade, size, and margin

status are critical factors in therapeutic decision making. For

example, chemotherapy is generally included in treatment

only for those with unresectable tumors or high-grade

tumors that are larger than 5 cm in maximal diameter.32,34-36

Therefore, the absence of tumor grade or tumor diameter in

the pathology report, as occurred in up to 42% of patients in

this study, could contribute to errors in the prescription of

chemotherapy. Similarly, features in the pathology report

that determine whether further surgery or radiotherapy is

needed to optimize local tumor control include tumor grade,

tumor size, and margin status.33-35 The absence of any one

of these features in the pathology report could lead to either

inadequate or excessive use of surgery and/or radiotherapy.
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Since both undertreatment and overtreatment are potential

downstream consequences of an incomplete pathology re-

port, inadequate pathology reporting may affect both cancer

survival and long-term health. In ARST0332, as a COG

protocol, all necessary information for treatment stratifica-

tion is obtained by research nurses who support these proto-

cols, if it is not contained in the report, so these potential

ramifications were avoided in ARST0332, but this safety

net may not exist outside of the COG framework.

In summary, results from the large multicenter clinical

trial COG ARST0332 highlight opportunities for improve-

ment in pathology reporting in young patients with sarcomas

and intermediate/locally aggressive soft tissue neoplasms. A

complete pathology report, enhanced with the use of a syn-

optic template or structured format and combined with qual-

ity improvement processes, could improve communication

between pathologists and the multidisciplinary team caring

for the patient, reduce treatment errors, and serve as an

enduring record of cancer diagnosis for future patient care

and research. NRSTSs are a heterogenous group of tumors

that can be difficult to diagnose with constantly evolving

diagnostic criteria, and existing guidelines are not clear

about when to use CAP checklists. We believe the current

soft tissue tumor CAP checklist should be completed for all

pediatric NRSTSs, regardless of patient age, and that it

should be completed by the primary pathologist with or with-

out expert consultation. The consultant’s opinion is valued

with regard to these data elements and should be incorpo-

rated into the checklist, whether through an addendum report

or as part of the final report when applicable. Checklists

should be performed for both the biopsy and resection speci-

mens, because the biopsy specimen may be the only tissue

obtained if the tumor is deemed inoperable or if the patient/

patient’s family does not agree to further surgery, so a resec-

tion specimen may never follow. The resection specimen

should also include a checklist because it may provide add-

itional information such as margin status and tumor size not

available from the biopsy specimen. Awareness of the im-

portance of checklists increases as they are used more fre-

quently in practice, and we believe publications such as this

one will continue to promote checklist implementation.
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