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Abstract

Background

Tumor boards (TB) play an important role to formulate a management plan for the treatment

of patients with a malignancy. Recent evidence suggests that optimally functioning teams

(teamwork, communication and decision making) are major prerequisites to conduct effi-

cient TB meetings. The aims of this study were i) to use a readily published tool as a tem-

plate for the development of a teamwork perspective extended assessment tool and ii) to

evaluate the tool in a feasibility study by clinical and non-clinical observers.

Methods

A systematic literature search in four databases revealed the “Metric for the Observation of

Decision-making (MODe)” to be consistently used. MODe served as a template for the clini-

cal evaluation, additional, notably teamwork items were integrated, and the resulting tool

was tested in a feasibility study in TBs by clinical and non-clinical observers. The percentage

of agreement between observers was assessed in a two-step approach: first, agreement of

raters on discussion of items by TB members, and second, agreement of raters based on

ordinal scale.

Results

In total, 244 patients were discussed in 27 TB sessions, thereof 136 (56%) fast track cases

and 108 (44%) complex cases. In 228 (93%) of all cases an agreement for recommendation

of a treatment plan was reached. Observers showed in general high agreement on discus-

sion of the items. For the majority of items, the percentage of agreement between the differ-

ent pairs of rater was similar and mostly high.

Conclusion

A newly developed TB team performance tool using MODe as a template was piloted in a

German-speaking country and enabled the assessment of specialized multidisciplinary
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teams with a special focus on teamwork patterns. The developed assessment tool requires

evaluation in a larger collective for validation, and additional assessment whether it can be

applied equally by non-clinicians and clinicians.

Introduction

Multidisciplinary teams (MDT) in tumor boards (TBs) play an increasingly important role for

formulating a management plan for patients’ treatments [1,2]. Across the world TBs are imple-

mented, however, required participants differ among countries. For example, in the UK clini-

cal nursing staff specialists take part [3,4]. In Austria, the core TB-team consists of

representatives of radiation-oncologists, medical oncologists, radiologists, pathologists, and

the involved surgical discipline(s) [5]. However, TBs are open to non-mandatory members

like medical students, psychologists, or clinical nursing staff specialists. More advanced TB

approaches established the participation of patients with shared decision making, especially

when complex treatment options with varying short- or long-term side effects exist [6–8]. In

general, the quality of decision making in MDT depends on the quality of information pre-

sented, the quality of team performance, the infrastructure for meetings including its organiza-

tion and logistics [9,10].

In our researched setting, TB-members meet at least bi-monthly in a dedicated pre-reserved

location with adequate technological up-to-date equipment (online availability of all clinical

parameters and imaging) to discuss clinical cancer cases requiring the interdisciplinary discus-

sion for a management plan. The recommendation is explained to the patient after the meet-

ing, and in case of obtained informed consent realized. The entire processes for TB meetings

are standardized, and published in the hospital intranet following standard operating proce-

dures (SOP).

The quality of teamwork, communication and decision making are major prerequisites to

conduct efficient TB meetings [11]. Decision-making of teams is influenced by three major

factors: i) attendance of core TB members, ii) teamwork, and iii) leadership of the chair [11–

15]. In TBs, members have complementary abilities, and the team must ensure that each mem-

ber’s expertise is appropriately matched to the task, resulting in improved overall team perfor-

mance [16]. Therefore, it is crucial to improve the understanding of determinants of team

performance [16,17].

Before conducting this feasibility study, team performance was not assessed in any TB at

our institution, only presence of core TB team members in each TB was thus far the main eval-

uation parameter for its assessment. The results of attendance of TB-members were forwarded

to the chair of the TB and other disciplines in order to improve attendance rates by raising

awareness. In sum, more refined evaluations including quality of teamwork, communication,

availability of data and decision making were not evaluated previously, but identified as posi-

tively benefiting factors for MDTs [3].

The “Metric for the Observation of Decision-making”(MODe) and an adapted version in

Germany were considered the most readily-published evidence-based observational tools for

TBs, but lacked key aspects of team performance (teamwork, involvement of members, mutual

respect, level of agreement, and confounding factors) [18,19]. The aims of this study were i) to

use a readily-published tool as a template for the development of a teamwork perspective

extended assessment tool and ii) to evaluate the tool in a feasibility study by clinical and non-

clinical observers.
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Materials and methods

The study was approved by the ethical board of the Medical University of Graz (vote#: 28–359

ex15/16).

TB team performance assessment tool

A literature search in four databases (CINAHL, Pubmed, OVID, Embase) was performed to

identify a tool for assessing MDT/TB team performance. The following terms were used in the

search: “tumor boards OR multidisciplinary”, “cancer meetings OR multidisciplinary”, and

“team decision-making OR multidisciplinary team working OR multidisciplinary cancer team

OR cancer conference OR case conference AND cancer OR malignancy OR tumor OR carci-

noma OR ulcer AND eval OR vali OR measure instrument”. All studies using an assessment

tool for MDT/TBs were included. In total, 12 studies using a team performance assessment

tool were identified [12,18, 19–26, 27,28].

MODe was used most frequently for evaluation of teamwork and MDT/TB performance

[24]. The tool is based on a 5-point Likert-type scale ranging from “high performance” (coded

as 5) to “poor performance” (coded as 1). Key aspects of team performance are (i) information

presentation to the team covering all relevant domains, (ii) team leadership focusing on aspects

of effective and ineffective leadership, and (iii) decision-making and a team decision-making

process including level of involvement of different healthcare professional groups [24]. Hahl-

weg et al. adapted MODe to six variables, namely 1) quality of case history, 2) quality of radio-

logical information, 3) quality of information on comorbidities, 4) whether the case was

presented, whether the case was palliative, 5) quality of psychological information, and 6) qual-

ity on the information on the patient’s view and preferences. Furthermore the quality of team

processes on the case level, quality of team behavior, and medical and treatment uncertainty

during the case discussion were assessed [18].

MODe, which contains three categories (“Information” with 6 items, “Discussion” with 8

items, “Outcome” with 1 item) and one additional text item, was used as a template for the

development of a wider assessment tool (Table 1). The resulting tool accounted for linguistic

and cultural differences, and included key aspects of team performance (teamwork, involve-

ment of team members, mutual respect among team members and level of agreement, and

confounding factors). Owing to the simplicity of the terms/items in the German and English

language, no further back-translation was provided. Therefore, the study can only be seen as

preliminary evidence to support the value of the tool. In particular, our tool differs from

MODe in the following aspects:

1. Whereas MODe had separate items for “case history” and “quality of information on co-

morbidities”, the new tool merged these two items into “case history and patient data” and

comprised name, birth date, diagnosis, co-morbidities, history of presenting complaint,

and past medical history, which is in German-speaking countries commonly called

“Anamnese”.

2. In addition to the available MODe items, “radiological images (X-ray)” and “histopatholog-

ical information”, “laboratory results” were added to the tool as within our TBs laboratory

results are often a pre-requisite for a TB-registration and are relevant for discussions within

a TB.

3. To assess the key aspects of team behavior in detail, “teamwork”, “involvement of team

members”, “mutual respect among team members”, “level of agreement among team mem-

bers”, and “confounding factors” were added to the assessment tool.
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Table 1. MTD/TB team performance assessment tool.

Information

Case history & patient data (item 1) 5 Comprehensive case history is available

3 Comprehensive case history is partially available

1 Comprehensive case history is not available

0 Comprehensive case history available but not mentioned

Laboratory results (item 2) 5 Relevant laboratory results are available

3 Relevant laboratory results are partially available

1 Relevant laboratory results are not available

0 Relevant laboratory results available but not mentioned

Pathology (item 3) 5 Relevant histopathological information from pathologist are

available

3 Relevant histopathological information from pathologist are

partially available

1 Relevant histopathological information from pathologist are not

available

0 Relevant histopathological information from pathologist available

but not mentioned

X-ray (item 4) 5 Relevant radiological images are available

3 Relevant radiological images are partially available

1 Relevant radiological images are not available

0 Relevant radiological images available but not mentioned

Performance Quality

Contribution moderator (item 5) 5 Good leadership, is moderating the discussion and supports

decision finding with the team

3 Leadership is not supportive for discussion and decision making is

vague

1 Inadequate leadership, poor moderation and poor decision finding

0 Not available

Contribution radiation-oncologist (item

6)

5 Comprehensive input or input not necessary

3 Minor input or vague

1 No input

0 Not available

Contribution radiologist (item 7) 5 Comprehensive input or input not necessary

3 Minor input or vague

1 No input

0 Not available

Contribution surgeon (item 8) 5 Comprehensive input or input not necessary

3 Minor input or vague

1 No input

0 Not available

Contribution pathologist (item 9) 5 Comprehensive input or input not necessary

3 Minor input or vague

1 No input

0 Not available

Contribution medical oncologist (item

10)

5 Comprehensive input or input not necessary

3 Minor input or vague

1 No input

0 Not available

Communication

(Continued)
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4. Cases can be discussed briefly, or, as often occurring, complex cases require detailed discus-

sion among TB-members. Therefore, we distinguished between fast track and complex

cases. On the one hand, fast track cases did not require a thorough discussion or case

workup by the MDT/TB because the decision could be easily made based on available

guidelines (“straightforward decision-making” = “fast track case”). Complex cases, on the

other hand, needed elaborate discussion among team members as a result of diverging liter-

ature findings (eg. classification schemes, categorization, or treatment recommendations),

and such cases were also considered for enrolment in ongoing clinical trials at our

institution.

Finally, the tool consisted of 5 categories (information: items 1–4; performance quality:

items 5–10; communication: items 11–13; decision making: items 14–15; others: item 16). We

also used the same Likert-type scaling approach as MODe, but added an additional rating cate-

gory to log whether items were “not available/not mentioned/not assessable (0), thus changing

Table 1. (Continued)

Teamwork (item 11) 5 The team has a cooperative communication style on an expert level

3 The team has no cooperative communication style on an expert level

1 One discipline dominates the discussion

0 Not leviable

Involvement of team members (item 12) 5 All available disciplines are actively taking part in the discussion

3 Not all available disciplines are actively taking part in the discussion

1 One discipline dominates the discussion

0 Not leviable

Mutual Respect among team members

(item 13)

5 Alertness and respectfulness for the one who is speaking

3 Partial alertness and respectfulness for the one who is speaking

1 No alertness and respectfulness for the one who is speaking

0 Not leviable

Decision making

Level of agreement among team

members (item 14)

5 Therapy plan is concordant within all disciplines

3 Therapy plan is postponed according to missing data

1 No or unclear decision making

0 Not leviable

Integration of patients’ regards in

decision (item 15)

5 Patients’ regards were integrated in decision making

1 Patients’ regards were not integrated in decision making

0 Not leviable

Confounding factors

Confounding factors (item 16) 5 Confounding factors were prevented (e.g. phone-calls)

3 Confounding factors were partially prevented

1 Confounding factors dominated

0 Not leviable

Pat ID:

Day of observation:

Name of observer:

Name of TB:

Fast track case:

Complex case:

Duration of the TB (min): Duration for each case (min):

https://doi.org/10.1371/journal.pone.0212556.t001
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it to a nominal scale. For further information on the tool, see Table 1 and S1 Fig. The usability

of the TB team performance assessment tool was then assessed in a feasibility study.

Feasibility study

Within the Comprehensive Cancer Center Graz (CCC Graz) of the University Hospital Graz,

eleven TBs have been installed. Most of the TBs run on a weekly basis with a total of over 4,200

cases per year. Each TB is registered in the electronic patient record system (EPR), and hospi-

tal-based information is available in real-time once approved by the chair of a TB. The TB’s

attendance and recommendation per case are recorded in the EPR. MDT/TB performance

assessments were performed by non-clinical members (a nursing graduate as observer 1, an

experienced team member of the management department as observer 2), and a TB meeting

physician (summarized as observer 3). The observers were unaware of each other’s ratings dur-

ing the feasibility study.

The assessment tool was first piloted by observers 1 and 2 for two weeks to test ease of use

of the new assessment tool (data not presented). Physicians who were observers in any of the

four TBs were instructed in the use of the new tool and tested the assessment tool prior to its

use in the feasibility study (data not presented). After the pilot phase, it was the overall goal of

the feasibility study to assess approximately 250 patients comparable to the study of Hahlweg

et al. [18]. To reach the anticipated amount of patients, four of the eleven available TBs were

chosen at random. Each TB chair as well as the TB members were contacted and informed

about the nature and raters of the feasibility study with the option to opt-out (= no participa-

tion of raters granted). It was anticipated that the feasibility study would last two months to

reach the anticipated goal of 250 patients.

Statistical analysis

The summary of the rating behaviour of the three observers was challenging because of the

nominal nature of the data, and we chose to present data in a heat map: showing for each of

the 16 items how many percent of respectively observed cases were rated in which rating cate-

gory (0, 1, 3, or 5) by each of the observers. Additionally, pairwise agreement between the

observers was analysed using a two-step approach: First, we assessed how well observers agreed

on whether the respective items were discussed/available; this was done by percent agreement

on whether an item was rated “0” or not. In a second step, for those cases in which both

observers agreed that the respective item was discussed/available, we again assessed their per-

cent agreement and also calculated a weighted version of Cohen’s Kappa coefficient, along

with 95% confidence intervals. Due to the highly variable number of cases observed by each of

the three observers, we focused on pairwise comparisons rather than a combination of all

three. Even though the weighted Kappa coefficient can take into account that ratings in neigh-

bouring categories are closer than a rating of 1 vs. a rating of 5, we decided to present these

results only in the supplementary material. This is because the Kappa coefficient considers that

observers may agree by chance, and the values are therefore unexpectedly low and difficult to

interpret if an item is rated in mainly one category by all raters. All analyses were conducted

using R version 3.4.4.

Results

Characteristics of observed TBs

In total, 27 TB sessions from four TBs were assessed with the assessment tool (TB1: n = 7; TB2:

n = 9; TB 3: n = 5; TB 4: n = 6). In total, 244 patients were discussed (TB1: n = 58; TB 2: n = 59;
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TB 3: n = 65; TB 4: n = 62), thereof 136 (56%) fast track cases (TB1: n = 29; TB 2: n = 27; TB 3:

n = 34; TB 4: n = 46) and 108 (44%) complex cases. In 228 (93%) of all cases an agreement for

recommendation of a treatment plan was reached (TB1: 87.9%; TB 2: 93.2%; TB 3: 93.9%; TB

4: 98.4%). In cases where no recommendation was available, further investigations were

arranged and the patient was rescheduled for the next TB. The average number of cases within

all TBs was 9.6 per session; the average time per TB session was 42 minutes, resulting in an

average duration of 4.4 minutes per case. On average, 7.6 TB members were present at each

session.

Observers’ ratings

Whereas observer 1 rated all 244 cases within the feasibility study, observer 2 rated 143 and

observer 3 only 126. The heat map (Fig 1) depicting the distribution of each of the observers’

ratings showed that item 2 (laboratory results) was mostly rated as “not discussed” by non-

clinical observers, but less often so by the clinician. Many of the remaining items were primar-

ily rated in category 5 (i.e. the best rating) by all observers. However, relevant histopathological

information (item 3) as well as the contributions of the radiation-oncologist (item 6), the radi-

ologist (item 7), the pathologist (item 9) and medical oncologist (item 10) was often not men-

tioned/available. Item 15, which follows a different answer pattern as the other items, assessing

whether patients’ regards were considered in the decision-making, was almost exclusively

rated as “patients’ regards were integrated”.

Agreement between observers

According to the first step of the analysis, namely the assessment of how well observers agreed

on whether the respective items were discussed (i.e. if they rated them as “0” or not) showed in

general high agreements (Table 2). However, for items 2 (laboratory results), 3 (pathology)

and 4 (X-ray), non-clinical observers seem to find it harder to assess whether the respective

contribution was available. Since only cases in which both respective observers agreed on the

item being discussed/available were considered for the analysis in the second step, we present

these numbers in Table 3.

In the second step of the analysis, we assessed how well observers agreed on the ordinal part

of the answer categories. Considering that for some items (e.g. items 2, 3, 10) only a small frac-

tion of the initially observed cases were available for this part of the analysis (Table 3), we see

that for most items the percent agreement between the different pairs of raters is similar and

mostly high. No clear pattern emerged as to which two raters agreed with each other the most.

Agreement values for all, complex and fast track cases analysed separately are shown in S1, S2

and S3 Tables.

Discussion

The readily-published MODe was used as best-practice template for clinical items in our

tool. To account for soft skill evaluation we included key aspects of team performance [16].

Items of the original MODe were translated into German and each of these was adapted to

account for linguistic and cultural differences in our setting. According to the agreement

between observers, differences emerged for a few items, however, it cannot be ruled out

that these differences may be due to observers’ background. Overall, the assessment tool

demonstrated good agreement especially on soft skill items and ease of use for the observ-

ers, but also showed that the newly added laboratory result item was lacking this kind of

agreement.
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The adapted tool accounted for advances in evaluating teams [29], previously not integrated

in the original MODe. For teams, communication can have a great impact on outcome, and

this fact was given special attention in the adapted tool [4]. Important determinants for effec-

tive TBs are a cooperative and communicative style, commitment of TB members to take part

Fig 1. Heat map showing for each of the 16 items how many percent of respectively observed cases were rated “0”, “1”, “3” or “5” by each

of the observers.

https://doi.org/10.1371/journal.pone.0212556.g001
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in the discussion, and attentiveness as well as respect [16]. Individual disturbance factors,

dominance of certain TB members, or the quality of discussions can have a great influence on

the team performance quality, which can be easily assessed with the newly developed assess-

ment tool.

Overall, differences between clinical and non-clinical observers were mostly seen for “pre-

sentation of the case history & patient data” and “laboratory results”, whereas all observers

were at variance regarding the “contribution of the radiation-oncologist”, and observer 1 and

2 rated “involvement of all team members” differently than the physician. This indicates that

for these items a medical background is required for reliable evaluation. For example, not all

laboratory values or case history details required mentioning in order to come to a conclusion.

This might have been clear to an observer with a medical background but missed by an

observer without such knowledge. Therefore, the respective item might have been rated more

favourably by the physician. This phenomenon was supposedly more or less prominent

depending on the complexity of the cases discussed. For complex cases, the involvement of

each relevant MDT/TB member is necessary, whereas for fast track cases the decision-making

process is straightforward, and involvement of every MDT/TB member is not necessarily

required.

Before this study, evaluation of TBs was only based on analysing EPR data on team member

presence in our institution. The fact that non-clinicians showed mostly similar results when

using the adapted assessment tool was of special interest for resource planning of quality and

risk management departments, often tasked to measure efficiency of processes [16, 17]. Our

results suggest that either involvement of clinical or non-clinical observers can lead to the

same conclusions for many of the assessed items [21]. Our interpretation of the generally well-

prepared MDT/TB meetings suggested predominantly good agreement among observers and

the importance of team aspects previously not included in MDT/TB evaluations for overall

MDT/TB performance.

In the future, we plan to test the tool in TBs by non-clinical and clinical observers to gain

more insights for further adaptation. Our current results already indicated that the newly

Table 2. First step of the assessment of observer agreement: Pairwise percent agreement on whether an item was

discussed/available (i.e. rated “0” or not).

item Observers 1 & 2(n = 143) Observers 1 & 3(n = 126) Observers 2 & 3(n = 53)

1 143 (100.0%) 126 (100.0%) 53 (100.0%)

2 132 (92.3%) 93 (73.8%) 40 (75.5%)

3 131 (91.6%) 117 (92.9%) 45 (84.9%)

4 133 (93.0%) 119 (94.4%) 51 (96.2%)

5 143 (100.0%) 126 (100.0%) 53 (100.0%)

6 143 (100.0%) 126 (100.0%) 53 (100.0%)

7 143 (100.0%) 126 (100.0%) 53 (100.0%)

8 143 (100.0%) 126 (100.0%) 53 (100.0%)

9 143 (100.0%) 124 (98.4%) 52 (98.1%)

10 143 (100.0%) 126 (100.0%) 53 (100.0%)

11 143 (100.0%) 126 (100.0%) 53 (100.0%)

12 143 (100.0%) 126 (100.0%) 53 (100.0%)

13 143 (100.0%) 126 (100.0%) 53 (100.0%)

14 143 (100.0%) 126 (100.0%) 53 (100.0%)

15 142 (99.3%) 124 (98.4%) 52 (98.1%)

16 143 (100.0%) 126 (100.0%) 53 (100.0%)

https://doi.org/10.1371/journal.pone.0212556.t002

Quality of teamwork in multidisciplinary cancer team meetings

PLOS ONE | https://doi.org/10.1371/journal.pone.0212556 February 15, 2019 9 / 13

https://doi.org/10.1371/journal.pone.0212556.t002
https://doi.org/10.1371/journal.pone.0212556


added item (laboratory results) was not used frequently, and can be omitted. After a final

adaptation, for a wide-scale implementation, dedicated physicians of each TB will then be

supervised in the use of the assessment tool. It is also planned for a member of the manage-

ment department to use the tool routinely to collect data and reach out for immediate feedback

to each moderator of a TB. It is the vision that the presented assessment tool will become an

integral part of TB evaluation and that feedback loops aid improving TB performance.

Limitations of our study include the single institution setting and choice of observers,

which did not include all professional groups but subsumed different physicians as “observer

3”. Owing to the simplicity of the terms/items in the German and English language, no further

back-translation was provided. Therefore, the study can only be seen as preliminary evidence

to support the value of the tool. The assessment tool might be suitable for routine application;

however, it requires further investigation in larger samples and different centres. Furthermore,

it is questionable, if also non-clinical observers can use the assessment tool for items which are

mainly physician driven.

Conclusions

In conclusion, a readily-published and evidence-based observational tool for assessing MDT

was identified, translated into the German language, and adaptations to account for previously

ignored aspects like communication style as well as team rules and culture were implemented.

According to the results of 244 patients in TBs observed by three independent observers, an

overall high level of agreement among observers for the adapted assessment tool, notably for

the new items (items 11–14 and 16), was achieved. The developed assessment tool requires

evaluation in a larger collective for validation, and additional assessment whether it can be

applied equally by non-clinicians and clinicians. It is also of notable interest whether an inte-

grated feedback mechanism to TB-members immediately after conclusion of a TB can have an

influence on (future) team performance.

Table 3. Second step of the assessment of observer agreement: Pairwise percent agreement (with 95% confidence interval) on categories 1–5 when there was a con-

sensus that the item was discussed/available.

item Observers 1 & 2 Observers 1 & 3 Observers 2 & 3

Number of observations Agreement Number of observations Agreement Number of observations Agreement

1 140 88.6 [81.8, 93.1] 126 72.2 [63.4, 79.6] 53 62.3 [47.9, 74.9]

2 16 68.8 [41.5, 87.9] 15 86.7 [58.4, 97.7] 11 72.7 [39.3, 92.7]

3 90 91.1 [82.7, 95.8] 76 89.5 [79.8, 95.0] 19 94.7 [71.9, 99.7]

4 114 84.2 [75.9, 90.1] 111 82.9 [74.3, 89.1] 43 95.3 [82.9, 99.2]

5 141 85.1 [77.9, 90.3] 126 89.7 [82.7, 94.2] 53 90.6 [78.6, 96.5]

6 111 66.7 [57.0, 75.2] 95 53.7 [43.2, 63.9] 37 59.5 [42.2, 74.8]

7 112 81.3 [72.5, 87.8] 108 74.1 [64.6, 81.8] 46 82.6 [68.0, 91.7]

8 140 90.7 [84.3, 94.8] 126 82.5 [74.5, 88.5] 53 92.5 [80.9, 97.6]

9 107 82.2 [73.4, 88.7] 81 74.1 [62.9, 82.9] 29 82.8 [63.5, 93.5]

10 79 88.6 [79.0, 94.3] 57 84.2 [71.6, 92.1] 16 100.0 [75.9, 100.0]

11 137 98.5 [94.3, 99.7] 124 99.2 [94.9, 100.0] 51 100.0 [91.3, 100.0]

12 137 70.8 [62.3, 78.1] 124 71.8 [62.9, 79.3] 51 90.2 [77.8, 96.3]

13 137 92.0 [85.8, 95.7] 124 94.4 [88.3, 97.5] 51 96.1 [85.4, 99.3]

14 141 97.9 [93.4, 99.4] 126 96.0 [90.5, 98.5] 53 96.2 [85.9, 99.3]

15 134 100.0 [96.5, 100.0] 120 100.0 [96.1, 100.0] 48 100.0 [90.8, 100.0]

16 138 76.8 [68.7, 83.4] 125 80.8 [72.6, 87.1] 52 78.8 [64.9, 88.5]

https://doi.org/10.1371/journal.pone.0212556.t003

Quality of teamwork in multidisciplinary cancer team meetings

PLOS ONE | https://doi.org/10.1371/journal.pone.0212556 February 15, 2019 10 / 13

https://doi.org/10.1371/journal.pone.0212556.t003
https://doi.org/10.1371/journal.pone.0212556


Supporting information

S1 Fig. Tool as used in the feasibility study.

(PDF)

S1 Table. Rate of agreement and Kappa coefficient for complex cases between observers

(obs.).

(DOCX)

S2 Table. Rate of agreement and Kappa coefficient between observers (obs.) for fast track

cases.

(DOCX)

S3 Table. Rate of agreement and Kappa coefficient between observers (obs.) for all cases.

(DOCX)

Acknowledgments

The authors wish to express their gratitude to the entire organization (Comprehensive Cancer

Center Graz) for their willingness to support patient safety issues.

Author Contributions

Conceptualization: David Benjamin Lumenta, Marlies Hart.

Formal analysis: Gudrun Pregartner.

Investigation: Gerald Sendlhofer, Marlies Hart, Peter Tiefenbacher.

Methodology: David Benjamin Lumenta, Gerald Sendlhofer, Lars Peter Kamolz.

Project administration: Gerald Sendlhofer, Marlies Hart.

Software: Gudrun Pregartner.

Supervision: Gernot Brunner.

Visualization: Gudrun Pregartner.

Writing – original draft: David Benjamin Lumenta, Peter Tiefenbacher.

Writing – review & editing: Gerald Sendlhofer, Gudrun Pregartner, Marlies Hart, Lars Peter

Kamolz, Gernot Brunner.

References
1. Lamb BW, Sevdalis N, Vincent C, Green JSA. Development and Evaluation of a Checklist to Support

Decision Making in Cancer Multidisciplinary Team Meetings: MDT-QuIC. Ann Surg Oncol [Internet].

2012 Jun 30 [cited 2017 Jun 4]; 19(6):1759–65. Available from: http://www.springerlink.com/index/10.

1245/s10434-011-2187-0 PMID: 22207050

2. Lamb BW, Taylor C, Lamb JN, Strickland SL, Vincent C, Green JSA, et al. Facilitators and Barriers to

Teamworking and Patient Centeredness in Multidisciplinary Cancer Teams: Findings of a National

Study. Ann Surg Oncol [Internet]. 2013 May 20 [cited 2017 Jun 4]; 20(5):1408–16. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/23086306 https://doi.org/10.1245/s10434-012-2676-9

3. Fleissig A, Jenkins V, Catt S, Fallowfield L. Multidisciplinary teams in cancer care: are they effective in

the UK? Lancet Oncol [Internet]. 2006 Nov [cited 2018 Nov 19]; 7(11):935–43. Available from: http://

www.ncbi.nlm.nih.gov/pubmed/17081919 https://doi.org/10.1016/S1470-2045(06)70940-8

4. National Cancer Peer Review Programme [Internet]. [cited 2018 Nov 19]. www.cquins.nhs.net

5. Zielsteuerung-Gesundheit. [cited 2017 Dec 2]; https://www.bmgf.gv.at/cms/home/attachments/1/0/1/

CH1071/CMS1136983382893/oesg_2017_-_0-fehler_20170726.pdf

Quality of teamwork in multidisciplinary cancer team meetings

PLOS ONE | https://doi.org/10.1371/journal.pone.0212556 February 15, 2019 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212556.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212556.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212556.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0212556.s004
http://www.springerlink.com/index/10.1245/s10434-011-2187-0
http://www.springerlink.com/index/10.1245/s10434-011-2187-0
http://www.ncbi.nlm.nih.gov/pubmed/22207050
http://www.ncbi.nlm.nih.gov/pubmed/23086306
https://doi.org/10.1245/s10434-012-2676-9
http://www.ncbi.nlm.nih.gov/pubmed/17081919
http://www.ncbi.nlm.nih.gov/pubmed/17081919
https://doi.org/10.1016/S1470-2045(06)70940-8
http://www.cquins.nhs.net
https://www.bmgf.gv.at/cms/home/attachments/1/0/1/CH1071/CMS1136983382893/oesg_2017_-_0-fehler_20170726.pdf
https://www.bmgf.gv.at/cms/home/attachments/1/0/1/CH1071/CMS1136983382893/oesg_2017_-_0-fehler_20170726.pdf
https://doi.org/10.1371/journal.pone.0212556


6. Scholl I, Hahlweg P, Lindig A, Bokemeyer C, Coym A, Hanken H, et al. Evaluation of a program for rou-

tine implementation of shared decision-making in cancer care: study protocol of a stepped wedge clus-

ter randomized trial. Implement Sci [Internet]. 2018 Dec 27 [cited 2018 Nov 19]; 13(1):51. Available

from: http://www.ncbi.nlm.nih.gov/pubmed/29580249 https://doi.org/10.1186/s13012-018-0740-y

7. Scholl I, LaRussa A, Hahlweg P, Kobrin S, Elwyn G. Organizational- and system-level characteristics

that influence implementation of shared decision-making and strategies to address them—a scoping

review. Implement Sci [Internet]. 2018 Dec 9 [cited 2018 Nov 19]; 13(1):40. Available from: http://www.

ncbi.nlm.nih.gov/pubmed/29523167 https://doi.org/10.1186/s13012-018-0731-z

8. Müller E, Hahlweg P, Scholl I. What do stakeholders need to implement shared decision making in rou-

tine cancer care? A qualitative needs assessment. Acta Oncol (Madr) [Internet]. 2016 Dec 8 [cited 2018

Nov 19]; 55(12):1484–91. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27607314

9. Hahlweg P, Didi S, Kriston L, Härter M, Nestoriuc Y, Scholl I. Process quality of decision-making in mul-

tidisciplinary cancer team meetings: a structured observational study. BMC Cancer [Internet]. 2017 Dec

17 [cited 2018 Nov 19]; 17(1):772. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29149872

https://doi.org/10.1186/s12885-017-3768-5

10. NHS National Cancer Action Team: Multidisciplinary tema members viesw—Google-Suche [Internet].

[cited 2018 Nov 19]. https://www.google.at/search?rlz=1C1GCEU_deAT820AT820&ei=1KryW_

DDE4OwsAHIy7jwCw&q=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema

+members+viesw&oq=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members

+viesw&gs_l=psy-ab.3. . .13909.3693

11. Lamb BW, Green JSA, Benn J, Brown KF, Vincent CA, Sevdalis N. Improving Decision Making in Multi-

disciplinary Tumor Boards: Prospective Longitudinal Evaluation of a Multicomponent Intervention for

1,421 Patients. J Am Coll Surg [Internet]. 2013 Sep [cited 2017 Jun 4]; 217(3):412–20. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/23891067 https://doi.org/10.1016/j.jamcollsurg.2013.04.035

12. Lamb B, Green JSA, Vincent C, Sevdalis N, Beuscart R, Penel N, et al. Decision making in surgical

oncology. Surg Oncol [Internet]. 2011 Sep [cited 2017 Jun 4]; 20(3):163–8. Available from: http://www.

ncbi.nlm.nih.gov/pubmed/20719499 https://doi.org/10.1016/j.suronc.2010.07.007

13. Lamb BW, Brown KF, Nagpal K, Vincent C, Green JSA, Sevdalis N. Quality of Care Management Deci-

sions by Multidisciplinary Cancer Teams: A Systematic Review. Ann Surg Oncol [Internet]. 2011 Aug

26 [cited 2017 Jun 4]; 18(8):2116–25. Available from: http://www.springerlink.com/index/10.1245/

s10434-011-1675-6 PMID: 21442345

14. Jalil R, Ahmed M, Green JSA, Sevdalis N. Factors that can make an impact on decision-making and

decision implementation in cancer multidisciplinary teams: An interview study of the provider perspec-

tive. Int J Surg [Internet]. 2013 Jun [cited 2017 Jun 4]; 11(5):389–94. Available from: http://linkinghub.

elsevier.com/retrieve/pii/S1743919113000666 https://doi.org/10.1016/j.ijsu.2013.02.026 PMID:

23500030

15. Kesson EM, Allardice GM, George, Burns WG, Morrison HJG. Effects of multidisciplinary team working

on breast cancer survival: retrospective, comparative, interventional cohort study of 13 722 women.

2012 [cited 2017 Jun 4]; http://eprints.gla.ac.uk

16. Woolley AW, Hackman JR, Jerde TE, Chabris CF, Bennett SL, Kosslyn SM. Using brain-based mea-

sures to compose teams: How individual capabilities and team collaboration strategies jointly shape

performance. Soc Neurosci. 2007; 2(2):96–105. https://doi.org/10.1080/17470910701363041 PMID:

18633809

17. Woolley AW, Chabris CF, Pentland A, Hashmi N, Malone TW. Evidence for a Collective Intelligence

Factor in the Performance of Human Groups. Science (80-) [Internet]. 2010 Oct 29 [cited 2017 Dec 2];

330(6004):686–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20929725

18. Hahlweg P, Didi S, Kriston L, Härter M, Nestoriuc Y, Scholl I. Process quality of decision-making in mul-

tidisciplinary cancer team meetings: a structured observational study. [cited 2018 Nov 19]; Available

from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5693525/pdf/12885_2017_Article_3768.pdf

19. Lamb BW, Green JSA, Benn J, Brown KF, Vincent CA, Sevdalis N. Improving Decision Making in Multi-

disciplinary Tumor Boards: Prospective Longitudinal Evaluation of a Multicomponent Intervention for

1,421 Patients. J Am Coll Surg [Internet]. 2013 Sep [cited 2017 Jun 5]; 217(3):412–20. Available from:

http://linkinghub.elsevier.com/retrieve/pii/S1072751513003517 https://doi.org/10.1016/j.jamcollsurg.

2013.04.035 PMID: 23891067

20. Kidger J, Murdoch J, Donovan J, Blazeby J. Clinical decision-making in a multidisciplinary gynaecologi-

cal cancer team: a qualitative study. BJOG An Int J Obstet Gynaecol [Internet]. 2009 Mar [cited 2017

Jun 5]; 116(4):511–7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19250362

21. Taylor C, Brown K, Lamb B, Harris J, Sevdalis N, Green JSA. Developing and Testing TEAM (Team

Evaluation and Assessment Measure), a Self-assessment Tool to Improve Cancer Multidisciplinary

Teamwork. Ann Surg Oncol [Internet]. 2012 Dec 21 [cited 2017 Jun 5]; 19(13):4019–27. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/22820934 https://doi.org/10.1245/s10434-012-2493-1

Quality of teamwork in multidisciplinary cancer team meetings

PLOS ONE | https://doi.org/10.1371/journal.pone.0212556 February 15, 2019 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/29580249
https://doi.org/10.1186/s13012-018-0740-y
http://www.ncbi.nlm.nih.gov/pubmed/29523167
http://www.ncbi.nlm.nih.gov/pubmed/29523167
https://doi.org/10.1186/s13012-018-0731-z
http://www.ncbi.nlm.nih.gov/pubmed/27607314
http://www.ncbi.nlm.nih.gov/pubmed/29149872
https://doi.org/10.1186/s12885-017-3768-5
https://www.google.at/search?rlz=1C1GCEU_deAT820AT820&ei=1KryW_DDE4OwsAHIy7jwCw&q=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&oq=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&gs_l=psy-ab.313909.3693
https://www.google.at/search?rlz=1C1GCEU_deAT820AT820&ei=1KryW_DDE4OwsAHIy7jwCw&q=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&oq=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&gs_l=psy-ab.313909.3693
https://www.google.at/search?rlz=1C1GCEU_deAT820AT820&ei=1KryW_DDE4OwsAHIy7jwCw&q=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&oq=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&gs_l=psy-ab.313909.3693
https://www.google.at/search?rlz=1C1GCEU_deAT820AT820&ei=1KryW_DDE4OwsAHIy7jwCw&q=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&oq=NHS+National+Cancer+Action+Team%3A+Multidisciplinary+tema+members+viesw&gs_l=psy-ab.313909.3693
http://www.ncbi.nlm.nih.gov/pubmed/23891067
https://doi.org/10.1016/j.jamcollsurg.2013.04.035
http://www.ncbi.nlm.nih.gov/pubmed/20719499
http://www.ncbi.nlm.nih.gov/pubmed/20719499
https://doi.org/10.1016/j.suronc.2010.07.007
http://www.springerlink.com/index/10.1245/s10434-011-1675-6
http://www.springerlink.com/index/10.1245/s10434-011-1675-6
http://www.ncbi.nlm.nih.gov/pubmed/21442345
http://linkinghub.elsevier.com/retrieve/pii/S1743919113000666
http://linkinghub.elsevier.com/retrieve/pii/S1743919113000666
https://doi.org/10.1016/j.ijsu.2013.02.026
http://www.ncbi.nlm.nih.gov/pubmed/23500030
http://eprints.gla.ac.uk
https://doi.org/10.1080/17470910701363041
http://www.ncbi.nlm.nih.gov/pubmed/18633809
http://www.ncbi.nlm.nih.gov/pubmed/20929725
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5693525/pdf/12885_2017_Article_3768.pdf
http://linkinghub.elsevier.com/retrieve/pii/S1072751513003517
https://doi.org/10.1016/j.jamcollsurg.2013.04.035
https://doi.org/10.1016/j.jamcollsurg.2013.04.035
http://www.ncbi.nlm.nih.gov/pubmed/23891067
http://www.ncbi.nlm.nih.gov/pubmed/19250362
http://www.ncbi.nlm.nih.gov/pubmed/22820934
https://doi.org/10.1245/s10434-012-2493-1
https://doi.org/10.1371/journal.pone.0212556


22. Taylor C, Atkins L, Richardson A, Tarrant R, Ramirez A-J. Measuring the quality of MDT working: an

observational approach. BMC Cancer [Internet]. 2012 Dec 29 [cited 2017 Jun 5]; 12(1):202. Available

from: http://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-12-202

23. Lamb BW, Sevdalis N, Mostafid H, Vincent C, Green JSA. Quality Improvement in Multidisciplinary

Cancer Teams: An Investigation of Teamwork and Clinical Decision-Making and Cross-Validation of

Assessments. Ann Surg Oncol [Internet]. 2011 Dec 19 [cited 2017 Jun 5]; 18(13):3535–43. Available

from: http://www.springerlink.com/index/10.1245/s10434-011-1773-5 PMID: 21594706

24. Lamb BW, Wong HWL, Vincent C, Green JSA, Sevdalis N. Teamwork and team performance in multi-

disciplinary cancer teams: development and evaluation of an observational assessment tool. BMJ Qual

Saf [Internet]. 2011 Oct [cited 2017 Jun 5]; 20(10):849–56. Available from: http://www.ncbi.nlm.nih.gov/

pubmed/21610266 https://doi.org/10.1136/bmjqs.2010.048660

25. Lamb BW, Sevdalis N, Vincent C, Green JSA. Development and Evaluation of a Checklist to Support

Decision Making in Cancer Multidisciplinary Team Meetings: MDT-QuIC. Ann Surg Oncol [Internet].

2012 Jun 30 [cited 2017 Jun 5]; 19(6):1759–65. Available from: http://www.springerlink.com/index/10.

1245/s10434-011-2187-0 PMID: 22207050

26. Lamb BW, Sevdalis N, Benn J, Vincent C, Green JSA. Multidisciplinary Cancer Team Meeting Structure

and Treatment Decisions: A Prospective Correlational Study. Ann Surg Oncol [Internet]. 2013 Mar 14

[cited 2017 Jun 5]; 20(3):715–22. Available from: http://link.springer.com/10.1245/s10434-012-2691-x

PMID: 23064794

27. Shah S, Arora S, Atkin G, Glynne-Jones R, Mathur P, Darzi A, et al. Decision-making in Colorectal Can-

cer Tumor Board meetings: Results of a prospective observational assessment. Surg Endosc [Internet].

2014 Oct 31 [cited 2017 Jun 5]; 28(10):2783–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/

24879132 https://doi.org/10.1007/s00464-014-3545-3

28. Jalil R, Akhter W, Lamb BW, Taylor C, Harris J, Green JSA, et al. Validation of Team Performance

Assessment of Multidisciplinary Tumor Boards. J Urol [Internet]. 2014 Sep [cited 2017 Jun 5]; 192

(3):891–8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/24631109 https://doi.org/10.1016/j.

juro.2014.03.002

29. Engel D, Woolley AW, Jing LX, Chabris CF, Malone TW. Reading the Mind in the Eyes or Reading

between the Lines? Theory of Mind Predicts Collective Intelligence Equally Well Online and Face-To-

Face. Pavlova MA, editor. PLoS One [Internet]. 2014 Dec 16 [cited 2017 Dec 30]; 9(12):e115212. Avail-

able from: http://dx.plos.org/10.1371/journal.pone.0115212 PMID: 25514387

Quality of teamwork in multidisciplinary cancer team meetings

PLOS ONE | https://doi.org/10.1371/journal.pone.0212556 February 15, 2019 13 / 13

http://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-12-202
http://www.springerlink.com/index/10.1245/s10434-011-1773-5
http://www.ncbi.nlm.nih.gov/pubmed/21594706
http://www.ncbi.nlm.nih.gov/pubmed/21610266
http://www.ncbi.nlm.nih.gov/pubmed/21610266
https://doi.org/10.1136/bmjqs.2010.048660
http://www.springerlink.com/index/10.1245/s10434-011-2187-0
http://www.springerlink.com/index/10.1245/s10434-011-2187-0
http://www.ncbi.nlm.nih.gov/pubmed/22207050
http://link.springer.com/10.1245/s10434-012-2691-x
http://www.ncbi.nlm.nih.gov/pubmed/23064794
http://www.ncbi.nlm.nih.gov/pubmed/24879132
http://www.ncbi.nlm.nih.gov/pubmed/24879132
https://doi.org/10.1007/s00464-014-3545-3
http://www.ncbi.nlm.nih.gov/pubmed/24631109
https://doi.org/10.1016/j.juro.2014.03.002
https://doi.org/10.1016/j.juro.2014.03.002
http://dx.plos.org/10.1371/journal.pone.0115212
http://www.ncbi.nlm.nih.gov/pubmed/25514387
https://doi.org/10.1371/journal.pone.0212556

