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Abstract

:

Cancer survival continues to improve in high-income countries, partly explained by advances in screening and treatment. Previous studies have mainly examined the relationship between individual dietary components and cancer prognosis in tumours with good therapeutic response (breast, colon and prostate cancers). The aim of this review is to assess qualitatively (and quantitatively where appropriate) the associations of dietary patterns and cancer prognosis from published prospective cohort studies, as well as the effect of diet interventions by means of randomised controlled trials (RCT). A systematic search was conducted in PubMed, and a total of 35 prospective cohort studies and 14 RCT published between 2011 and 2021 were selected. Better overall diet quality was associated with improved survival among breast and colorectal cancer survivors; adherence to the Mediterranean diet was associated to lower risk of mortality in colorectal and prostate cancer survivors. A meta-analysis using a random-effects model showed that higher versus lower diet quality was associated with a 23% reduction in overall mortality in breast cancer survivors. There was evidence that dietary interventions, generally combined with physical activity, improved overall quality of life, though most studies were in breast cancer survivors. Further cohort and intervention studies in other cancers are needed to make more specific recommendations.
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1. Introduction


The term cancer survivor is generically applied to people living with a cancer diagnosis, including those who have been cured or recovered from the disease [1]. Although this definition includes people who have been diagnosed but have not yet started treatment, as well as patients being treated, and those who are at an advanced stage of the disease, in the present review we refer specifically to people who have been treated and have had a satisfactory response to treatment. For cancer survivors the main threat to their health in the short and medium term is the reappearance of the disease (recurrence), which can be local or distant (metastasis); the latter is, in turn, a strong determinant of survival. According to the most recent estimates, there were 44 million persons living with cancer in 2020 who had been diagnosed within the last 5 years [2]. That is, the high prevalence of cancer survivors is becoming a major health and social problem.



The diagnosis and treatment of cancer have experienced important advances in recent decades. Especially in the most developed countries, the practice of screening for breast cancer, and to a lesser extent for colon and rectal cancer, has spread. In addition, opportunistic screening for prostate cancer and some other tumours (thyroid, lung) is assiduously practiced. Furthermore, there have been substantial advances in the management and treatment of many tumours. As a result of these improvements, 5-year survival from colon, rectal and breast cancers has increased steadily in most developed countries for patients diagnosed during 2005–2009 [3]; survival for colon and rectal cancer reached 60% or more in 22 countries around the world, while for breast cancer, survival rose to 85% or higher in 17 countries worldwide. Striking increases in prostate cancer survival have occurred in many countries, reaching 95% in most developed countries, but trends vary widely.



Although the factors associated with higher or lower cancer incidence (risk or protective factors) do not necessarily must have prognostic value, it seems quite straightforward to think that determinants of the occurrence of a tumour may have some effect on the progression or recurrence of the disease, including the occurrence of a second tumour. Thus, the interest in the possible role of diet in cancer prognosis has been mostly focused on tumours for which diet is a widely recognised risk or protective factor. On the other hand, this area of research has been directed towards frequent tumours for which therapeutic alternatives with good response are available. Therefore, the results on the possible role of nutrition and related factors in the prognosis are concentrated mainly in breast, colon and prostate cancers [1].



Despite the apparent similarity or parallelism between the studies on the determinants of risk and prognosis, there are important differences in their research framework. First of all, the design option: although case-control studies are less and less used in nutritional epidemiology oriented to etiological research, in the case of prognostic determinants, where the outcome is often mortality, this option is not suitable. Only well-designed prospective cohorts are a suitable design for observational studies aimed to assess prognosis in this setting. On the other hand, intervention studies (i.e., randomised controlled trials, RCT) are needed and always preferred to establish the prognostic value of dietary factors with a high degree of evidence. The RCT are always complex and expensive; however, as they can be conducted in the clinical setting and the expected events are relatively common (at least compared with population studies looking for incidence), they should be, at least in theory, more prevalent than in etiological research. An additional problem has to do with the outcome, or rather, the variability in the possible outcomes. Indeed, while in the studies on risk factors the result is unique (diagnosis of an incident case of the disease), in the evaluation of the prognosis we can consider several outcomes: mortality (overall), death by a specific cause, recurrence, occurrence of a second tumour, a surrogate or marker of progression, or quality of life. Finally, there is the time frame of exposure (diet) assessment. Time-to-event analyses when the outcome is mortality (or recurrence) take the date at diagnosis as the entry time; therefore, ideally the dietary assessment should be as close to that date as possible. Two main time frames are considered when assessing prognosis: dietary factors collected pre- or post-diagnostic. Moreover, the time from dietary assessment to diagnosis, or conversely, from diagnosis to dietary assessment, must be considered. If this period is too long, it may call into question the validity of the study. Although there is not a clear consensus about this issue, most studies tend to restrict the dietary assessment to one year prior or after the date of diagnosis.



A comprehensive review [4] reported that physical activity after treatment may confer a number of health benefits to cancer patients, and that there is evidence to suggest that elevated body fatness is a predictor of poor outcome in breast cancer survivors. With regard to diet, this review reported that there is evidence of links between better survival after breast cancer and eating foods containing fibre, soya, and lower intakes of total and saturated fats. However, due to limitations of much of the existing research, the evidence is not strong enough to make specific recommendations. Several reviews summarising the observational evidence from prospective cohorts of cancer survivors have been published in the last ten years [5,6,7]. All of them reported associations between mortality and some foods or groups of foods among survivors of several common cancers. On the other hand, a recent review of the quality of five evidence-based nutrition guidelines for cancer survivors [8] reported that limited information on nutrition was available in these guidelines, with the focus being on the promotion of fruit, vegetables and wholegrains and reducing fat, red meat and alcohol. There was also a tendency to recommend cancer prevention guidelines be used for cancer survivors rather than developing specific guidance for this group.



A couple of issues about the major conclusions of these reviews are worth considering. First, as already noted, most of the observational evidence summarised concerns individual foods, food groups or single nutrients. However, food consumption cannot be considered in isolation, but in combination with others. Therefore, examination of the survivor’s diet as a whole, by means of dietary patterns, could be more readily translated into dietary guidelines. This seems particularly relevant for assessing protective effects: while there are several examples of dietary components that can increase the risk of cancer (e.g., alcohol) there are few (if any) examples of single nutrients or components that directly decrease cancer risk [9]. This can translate into disease progression, risk of recurrence or death. By means of dietary patterns assessment, studies may try to look at the whole diet, which is likely to have interactive, synergistic and combined effects on disease risk and progression [10].



On the other hand, in reviews discussed above [4,8], a claim was made that further research, mainly from intervention studies, is needed to make specific recommendations for cancer survivors. In fact, it is not entirely true that clinical trials on the effect of diet as a prognostic factor in cancer survivors are lacking: during the first decade of this century, results of two large RCT evaluating the effect of dietary intervention on the risk of recurrence of breast cancer were published [11,12]. However, they did not provide clear support for a role of diet owing to their discrepant results. The Women’s Intervention Nutrition Study (WINS) [11] assigned 2437 women with early stage breast cancer to either a low-fat or standard diet. After approximately five years of follow up the intervention group had a significant 24% lower risk of recurrence compared to the control group. In contrast, the Women’s Healthy Eating and Living Study (WHEL) [12], including 3088 breast cancer patients, found that an intervention diet rich in vegetables, fruit and fibre, and low in fat compared to a control diet did not reduce risk of recurrence or mortality after a 7-year follow up. Several reasons have been put forward to explain these discrepancies; however, the most remarkable difference is that in WHEL there was no significant weight modification in either the control or intervention group, whereas in WINS there was a significant, though unplanned, weight reduction in the intervention arm [13]. These results suggest that energy balance may play a significant role in breast cancer prognosis and may be more important than the modest effects of reducing total fat intake or modifying other dietary factors. The growing evidence suggesting the relevant role of weight control on breast cancer recurrence, together with evidence of the beneficial effects of physical activity among cancer patients [14,15], led to the development of lifestyle interventions combining dietary and physical activity components as the best strategy to improve prognosis and quality of life among survivors of breast and other cancers.



Keeping in mind the issues discussed above, the aim of this study was to conduct a systematic review and meta-analysis of prospective cohort studies and randomised controlled trials that investigated the effects of dietary patterns and dietary interventions on the prognosis among cancer survivors. We adopted a broad definition of prognosis, including all the events and outcomes with prognostic significance: overall and cancer-specific mortality, recurrence, markers of disease progression and quality of life.




2. Materials and Methods


This systematic review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [16] and followed a pre-planned unpublished protocol that can be requested by contacting the corresponding author.



2.1. Search Strategy


The authors conducted a total of seven literature searches using combinations of several keywords related to diet and cancer prognosis in PubMed database, from 1 January 2011 until 31 August 2021. No restriction on language was made and only peer reviewed sources limited to human adult studies were included. When articles were reviews and/or meta-analyses only those published on the previous five years were included to further explore other relevant references. The following search strategy was used: (cancer OR neoplasm) AND (dietary pattern OR food-stuff OR food nutrients OR diet) AND (mortality OR prognosis OR cancer mortality OR cancer survival OR cancer prognosis OR cancer outcomes OR cancer recurrence OR cancer survivors) AND intervention. Further exploration of the reference lists of the identified papers complemented these searches. Any disagreement was resolved through discussion between the two authors.




2.2. Study Selection


The authors reviewed the titles and abstracts of all articles and selected studies that met the following criteria: (1) prospective cohort or randomised controlled trial (RCT) design; (2) available in full-text; and (3) assessing the relationship between dietary patterns (in cohorts) or dietary intervention (in trials) and prognostic-related outcomes (i.e., all-cause mortality, cancer-specific mortality, recurrence and quality of life (QoL)). For RCT, studies including dietary interventions either alone or in combination with physical activity were considered. We excluded feasibility, cross-sectional, case-series or case-control studies, retrospective cohorts, studies focused on the rationale and design presenting no results, any study whose population is not clearly defined as cancer survivors, as well as reviews or meta-analysis published before 1 January 2016 and exposure considering only alcohol (Figure 1).




2.3. Data Extraction


The following information was extracted from each selected study: reference (author, year), country, population details (clinical features, sample size, age, and follow-up time of the cohort or trial), dietary assessment tool with its main relevant features, outcomes, results, and observations (e.g., adjustment for confounders). For the RCT we included a description of the intervention and the methods used for the assessment of quality of life, as many of them investigated this outcome. Where multivariable models were reported, the model including the set of potential confounders judged as the most adequate was selected.




2.4. Outcomes


The primary outcome usually was of time-to-event type. Survival was mostly measured as overall or cancer-specific mortality, as well as disease-free survival (or risk of recurrence). Other selected outcomes related to prognosis were different dimensions of quality of life.




2.5. Bias Assessment


The risk of bias was assessed by means of the Newcastle-Ottawa Scale (NOS) for cohort studies [17]. The NOS contains eight items, categorised into three dimensions including selection, comparability and outcome (Table A1). For each item a series of response options is provided, and a star system is used, whereby the highest quality studies are awarded with a maximum of one star for each item with the exception of the item related to comparability, which allows the assignment of two stars. Therefore, the NOS score ranges from zero to nine.




2.6. Meta-Analysis


Eligible studies for meta-analysis were those that studied the same outcome, same exposure and same cancer type; a meta-analysis was performed only for sets of three or more studies that fulfilled the above-mentioned criteria. According to this, we conducted a meta-analysis of four cohort studies on breast cancer survivors, looking at overall and specific mortality in relation to dietary patterns reflecting diet quality [18,19,20,21].



We used the adjusted hazard ratio (HR) as an estimate of the relative risk of each study to calculate a summary effect estimate applying two different approaches. First, we used estimates for the fourth quartile [19,20,21] or the fifth quintile [18] as compared with the reference (first quartile or quintile) to calculate the effect of the highest versus the lowest level of the diet quality index. On the other hand, we calculated an estimate of the effect (with its corresponding 95% confidence interval) associated with each 10-unit increase of the index using the mean or the midpoint of each category, by means of a method based upon generalised least squares [22]. The overall HRs were estimated by means of a random effect model [23,24]. Heterogeneity across studies was assessed by means of the I2 statistic [25], together with a prediction interval [26]. All the data used to perform the meta-analysis can be found in Table A2.





3. Results


3.1. Identified Studies


From the initial search, 356 records were identified (Figure 1) of which 318 were selected for title and abstract screen after removing duplicates. Of these, 183 were excluded, leaving 135 full-text articles for review. Additionally, prospective cohort studies where exposure was a single food, nutrient or food group were excluded, leaving 18 articles. Moreover, 90 new articles were identified through the systematic screening of references in reviews and meta-analyses found in the previous step, resulting in 108 articles selected. After removing duplicates, 49 papers in total were ultimately retained for the present review.




3.2. Prospective Cohort Studies


A total of 35 prospective cohorts were identified. Details of these studies are shown in Table 1. The majority of studies were conducted in North America (26 in the US, including one that combined data from Mexico, and two from Canada); four were conducted in Europe, two in Asia, and one in Australia. Most cohorts included breast and colorectal cancer survivors (13 and 11 studies respectively), followed by three studies of survivors of prostate cancer, two studies of head and neck cancers, two studies of ovarian cancer, and one study each of bladder cancer and multiple myeloma. The two remaining studies included survivors of a combination of several tumours.



All but six studies used a food frequency questionnaire (FFQ) to assess diet intake. Ten studies collected dietary data before diagnosis, twenty after diagnosis and five assessed diet both before and after diagnosis. Six studies built a diet pattern by means of statistically derived methods (i.e., Prudent/Western pattern; Healthy/Unhealthy pattern); most of the remaining studies (n = 26) used a priori defined indices, for example, based on dietary guidelines (i.e., Healthy Eating Index [HEI]-2005; Alternative Healthy Eating Index [AHEI]-2010; Mediterranean Diet Score [MDS]), and three studies included both approaches.



Overall, the cohort studies had a good quality as measured by the NOS Quality Assessment Scale (Table A1), with an average score of 7.8 (scale with range 0–9). Seven studies graded the maximum 9 points of the scale, seventeen graded 8 points, seven graded 7 points and the remaining three graded 6 or 5 points.



3.2.1. Breast Cancer (BC)


Five out of thirteen prospective studies focused on postmenopausal BC patients and eleven studies included overall mortality and breast cancer-specific mortality as outcomes. Other outcomes of interest were recurrences [18,27,28,29] and breast cancer-specific events, defined as recurrence or metastasis of breast cancer and breast cancer deaths, which was only reported in one study [21].



A total of seven studies assessed diet using the HEI or AHEI indices. The HEI is a measure of diet quality in relation to the Dietary Guidelines for Americans (DGA) with different versions updated over the years; the AHEI captures evidence-based recommendations that incorporate additional food- and nutrient-focused components to predict chronic disease risk [30]. For instance, the DGA 2015 has moved in the direction of the AHEI and the HEI-2015 has included new components present in the AHEI. The different versions of HEI and the AHEI-2010 are similar in several aspects.



A study based on the Nurses’ Health Study (NHS) [18] found no association between four different diet quality indices, including the AHEI, and breast cancer survival among postmenopausal survivors. The same cohort examined the association with AHEI for all survivors with an extended follow-up, and only found a significant reduced risk (43%) of non-breast cancer-related mortality [28]. In contrast, the remaining two studies that assessed different versions of the HEI index, reported significant lower risk for all-cause mortality with higher adherence to the score [19,31] though the smaller sample size. When restricted to postmenopausal women, the Women’s Health Initiative (WHI) study also observed a reduction in risk (36%) of all-cause and (42%) non-breast cancer-related mortality according to greater HEI-2005 scores [20]. Updated versions of the HEI score in more recent publications showed an increased risk (66%) of breast cancer mortality for women who decreased their diet quality compared to women with stable diet quality [32], however increased adherence to the HEI-2015 in a large Chinese cohort showed no significant association with breast cancer mortality.



For the two studies that assessed the DASH diet in relation to breast cancer survival, only one reported a significant protective effect (34% reduction) against all-cause mortality and breast cancer-specific events (40% reduction), although the cohort included survivors with I to IV stages [21]. By contrast, previous findings in the NHS only observed a significant protective effect for non-breast cancer-related mortality [28].



Two different cohorts assessed the inflammatory potential of the diet. One cohort based in Korea found that greater adherence to a more inflammatory diet as measured by the Dietary Inflammatory Index (DII) was associated with an increased risk of recurrence and all-cause mortality [29]. In the same direction, restricted to postmenopausal survivors in a larger US cohort, adherence to a more anti-inflammatory diet was associated with a protective effect (66% reduction) against all-cause mortality [33].



The Diabetes Reduction Risk Diet (DRRD), which comprises 9 dietary components associated with 40% lower type II diabetes risk, showed a significant reduced BC-specific mortality (20%) and all-cause mortality (34%) comparing highest versus lowest quintile of adherence from a large US cohort study [34]. Conversely, two different versions of the Mediterranean Diet Score were found to be not significantly associated with all-cause mortality [18,31].



Among data-driven dietary patterns, only the ‘Unhealthy’ pattern assessed before diagnosis was associated with an increased risk of non-breast cancer-related mortality among postmenopausal women [27]. This study included survivors with advanced (stage IV) tumours; furthermore, multivariable models were not adjusted for body mass index and physical activity.



For scores based on dietary guidelines for health across different populations, adherence scores to the Chinese Food Pagoda (CHFP) in a large Chinese cohort showed decreased risk of all-cause mortality (34%) according to the CHFP-2007 version and a 33–36% reduced risk of breast cancer-specific events (i.e., recurrence, metastasis, or death related to breast cancer) according to CHFP-2007 and CHFP-2016 [21]. Conversely, dietary scores based on the American Cancer Society (ACS) recommendations were not significantly associated with better breast cancer survival [35] but scores that underline the WCRF/AICR guidelines showed a significant lower risk (39%) of all-cause mortality among breast cancer survivors [36].



Meta-Analysis of Cohort Studies on Breast Cancer Survivors


Candidate studies for meta-analysis were those assessing common outcomes (i.e., all-cause mortality and breast cancer-specific mortality) in relation to a dietary pattern reflecting the quality of diet. The diet quality indices selected were the HEI-2005 [19,20], the HEI-2015 [21], and the AHEI [18]. They have a common background, are close to each other and are similarly associated with chronic disease risk [37]. All of them have a scale from 0 to100.



Regarding all-cause mortality, the summary HR of the highest quality diet versus the lowest was 0.77 (95% CI, 0.64 to 0.91), based on estimates from four studies (Figure 2). Similarly, each 10-points increase in the score (increasing overall diet quality), which is equivalent to a jump from one quartile to the next, was associated with a significant 9% reduction of mortality (HR 0.91, 95% CI, 0.85 to 0.98). In neither case was there evidence of heterogeneity. For breast cancer-specific mortality (Figure 3) the summary HR was 0.82 (95% CI, 0.36 to 1.90) when comparing the highest versus lowest categories of diet quality, whereas no significant decrease in BC-mortality was found for each 10-point increase in the score. Potential heterogeneity was present (I2 = 66%, p = 0.03) for the highest versus lowest diet quality score. This is also reflected in the wide prediction interval, which indicates the uncertainty we could expect in the summary effect if a new study is included. Indeed, a meta-analysis with few studies is usually expected to report an imprecise prediction interval [38].





3.2.2. Colorectal Cancer (CRC)


Most of the eleven studies selected used a priori dietary indices based on literature or derived from guidelines (e.g., WCRF/AICR guidelines, HEI score) to assess overall dietary intake. Only three studies, two from Canada [39,40] and one from the US [41], examined data-driven dietary patterns. A higher adherence to the pre-diagnosis ‘processed meat pattern’, characterised by a high intake of processed meat, red meat, fish and processed fish, was associated with worse disease-free survival (defined as first occurrence of death, recurrence or metastasis) among all CRC survivors, especially for colon cancers, and with an increased risk of overall mortality in colon cancer survivors [39]. Further analyses in the same cohort [40] found that clusters characterised by high intake of meat and dairy products and high intake of refined grains, sugar and soft drinks, compared with a reference cluster characterised by higher intake of fruits, vegetables, whole grains and wine, showed poorer survival (higher risk of mortality, recurrence and metastasis). On the other hand, a pattern high in refined grains and sugar/soft drinks was also associated with an increased risk of overall mortality. In contrast, the ‘Prudent’ (healthy) and ‘Western’ (unhealthy) patterns were not associated with the overall or CRC-specific mortality in women in a different study [41].



The most common a priori pattern used to study the overall and CRC-specific mortality was the Mediterranean Diet, present in a total of four studies. For pre-diagnosis assessments, lower adherence to the Alternate Mediterranean Diet Score (altMED) was significantly associated with 62% increase in overall mortality [40]. In addition, results from the large Multiethnic Cohort study (MEC) also reported a protective effect when moving from lower adherence to higher in the score for both CRC and all-cause deaths but limited to African-American women [42]. Similarly, in post-diagnosis assessment in a large German cohort, a lower overall mortality risk was found among men and women comparing extreme quartiles for higher adherence to the Modified Mediterranean Diet (MDD) score (adapted to non-Mediterranean countries) and also for a 1-point increase in score [43]. These findings, however, were not supported by results in other large cohort and no association was found for overall or specific mortality in women survivors of CRC [41].



Higher compared to lower adherence to the HEI-2005 dietary pattern before diagnosis showed a significant protective effect both for CRC-specific and overall mortality (36 and 40% reduction respectively, limited to rectal cancer survivors) [44]. Conversely, results from the MEC study found no association when all CRC survivors were analysed [42]. Among women CRC survivors from the NHS, a significant inverse association was found between the highest versus lowest quintiles of the AHEI-2010 assessed after diagnosis and overall mortality [41].



Two studies reported no association between the DASH diet and overall and specific CRC mortality [41,42]. On the other hand, higher adherence to the Healthy Nordic Food Index (HNFI) was inversely associated with all-cause mortality (37% reduction as compared to lower adherence) and a significant 10% reduction for each 1-point increase in the score [43].



A Canadian study [40] examined the association between the inflammatory potential of diet after diagnosis and all-cause and specific mortality, but no association was found. However, the WHI cohort, including only women, using a modified version of the same index (E-DII) taking into account diet plus supplements intake, reported a lower all-cause mortality for those following the most anti-inflammatory diets (51% significant reduction compared to the most pro-inflammatory diets) [45].



Another study conducted within the NHS and Health Professionals Follow-up Study (HPFS) cohorts revealed that higher adherence to the empirical dietary index for hyperinsulinaemia (EDIH) had a 66% increased risk of dying from CRC and a 24% increased risk of death from all causes [46].



Finally, results from the European Prospective Investigation into Cancer and Nutrition (EPIC) study indicated that higher concordance with the WCRF/AICR recommendations on diet, physical activity and body fatness prior CRC diagnosis was associated with improved overall and specific survival among CRC patients [47]. A previous study with a much smaller number of survivors who were asked to follow the same recommendations after diagnosis reported non-significant results [36]. It is worth mentioning, however, that this study did not report details of cancer stage of participants and did not include specific adjustment for lifestyle confounders.




3.2.3. Other Cancers


This section includes studies that examine several types of cancers together, as well as studies dealing with survivors of cancers of the prostate, head and neck, ovary, urinary bladder and multiple myeloma.



Two studies included several cancers, both conducted in two large cohorts of women [31,36]. The first one, from the Iowa Women’s Health Study (IWHS), examined adherence to the WCRF/AICR guidelines among older women survivors of breast cancer, colorectal cancer, gynaecologic cancers (including cervical, endometrial, ovarian and related cancers) and other cancers [36]. The results showed that women with the highest versus the lowest adherence to guidelines of WCRF/AICR after diagnosis had a significantly better overall survival. The second analysed the HEI and Mediterranean Diet scores on the following gynaecological cancers: ovarian, cervical and uterine cancer [31]. Of the two dietary patterns assessed, only the HEI score was significantly associated with all-cause mortality, both for each unit increase in the score and also comparing good versus poor adherence.



Three cohorts examined different dietary patterns in relation to prostate cancer prognosis, two based in the US [48,49] and one in Italy [50]. All but one [50] accounted for key variables of adjustment (obesity, physical activity, alcohol consumption and smoking habit). Only one of the three studies used data-driven dietary patterns and found that higher adherence to a ‘Western’ dietary pattern was borderline associated with higher prostate-specific mortality and significantly associated with all-cause mortality, while a ‘Prudent’ dietary pattern was significantly related to lower all-cause mortality [49]. In a large cohort of prostate cancer survivors a higher adherence to a Mediterranean diet score was significantly associated with a 22% lower risk of overall survival [48]. On the other hand, a strong (and significant) relationship was observed in patients with Gleason 7–10 (more aggressive, poor-prognosis cancers) following more pro-inflammatory diets for prostate cancer-specific mortality [50].



Two studies on head and neck cancers survivors from the US used pre-treatment data-derived dietary patterns [51,52]. There was a significant inverse association between better adherence to a ‘whole-foods’ pattern (characterised by high intakes of vegetables, fruit, fish, poultry and whole grains) and a decrease (44%) in overall mortality [51]. The second study, which examined the nutrition impact symptoms burden among head and neck cancer survivors, reported that a ‘Prudent’ pattern was significantly associated with a reduction in these symptoms (i.e., difficulty chewing, dysphagia of liquids and solid foods, and mucositis) [52]. The assessment of potential confounders was incomplete and inconsistent in both studies.



For ovarian cancer, two studies assessed the effect of different diet patterns in relation to cancer survival. In a study based in the US [53], survivors with a higher quality diet prior to diagnosis according to the HEI-2005 score presented a significantly lower risk (27%) of all-cause mortality, not significant for ovarian cancer-specific mortality. On the other hand, in a study conducted in Australia [54], the Healthy Lifestyle Index (HLI) (that included smoking status, height, weight, physical activity, diet quality score and alcohol) after diagnosis was inversely associated with lower overall mortality; however, when its components were analysed individually, a higher adherence to the diet quality score (defined and quantified using the WCRF/AICR score) was not associated with overall better survival.



Finally, a significant association was observed between the data-driven ‘Western’ pattern and risk of recurrence (48% increased risk) compared to the lowest adherence for urinary bladder cancer survivors [55]. Similarly for multiple myeloma survivors, a study within the NHS and HPFS cohorts found that the ‘Western’ dietary pattern was significantly associated with an increased risk of specific and overall mortality. In addition, survivors with healthier pre-diagnosis dietary patterns, specifically AHEI-2010, aMED, DASH and the ‘Prudent’ pattern, reported better overall and specific survival [56].





3.3. Randomised Controlled Trials (RCT)


A total of fourteen RCT were identified; the details and main features of these studies are shown in Table 2. Clinical trials were mostly from Europe (six studies) and the US (six studies, including a RCT conducted in the US and Canada); the remaining two RCT were carried out in Asia (South Korea and China). Eight studies focused on breast cancer survivors, three on colorectal cancers (including one exclusively on colon cancer), one on prostate cancer survivors, one study on endometrial cancer survivors and finally one study targeted survivors from several cancer subtypes (i.e., breast, stomach, colon, and lung cancer). Three of the fourteen studies were randomised controlled pilot trials [57,58,59] and hence included a small number of participants. The remaining RCT included a number of participants on the order of a few hundred, with a range from 38 to 3374. The primary outcome of three RCT was survival or cancer progression, but the most common outcomes were quality of life dimensions (i.e., fatigue, sleep quality, physical and mental function).



3.3.1. Randomised Controlled Trials on Breast Cancer Survivors


Two out of the eight RCT included only breast cancer survivors who were overweight or obese at start of the intervention [60,61] and one study focused exclusively on triple-negative BC survivors [62]. A total of four studies included interventions combining nutritional counselling and physical activity programme, targeting participants in the intervention groups generally with the primary goal of reducing energy intake [63,64], dietary fat [62] or weight change [65]. All but two studies [60,66] had as primary or secondary outcomes changes in quality of life assessed by means of different questionnaires (i.e., Function After Cancer Therapy [FACT], European Organization for Research and Treatment of Cancer Quality of Life Questionnaire [EORTC QLQ-C30], Short Form Health Survey [SF-36]). Some RCT defined outcomes as changes in the lifestyle components of the intervention (i.e., foods, groups of foods or nutrients, physical activity) or intervention-related parameters (i.e., weight, body mass index). We did not take into account these outcomes in our review as they do not have a clear prognostic meaning or cannot be considered as surrogates or prognosis.



Quality of life, as measured by the FACT-B (specific scale for breast cancer), showed significant improvements in the intervention group for survivors that followed a 6-month individualised exercise and a hypocaloric healthy eating programme [63]. Similarly, a shorter intervention that combined moderate physical activity and nutrition advice with the goal to decrease dietary fat by 200 kcal weekly, improved quality of life (measured by the FACT-B total score) among triple-negative BC survivors [62]. In addition, mean change in EORTC QLQ-C30 physical condition score was significantly greater for women in the telephone-based weight loss intervention (versus the mail-based arm) among postmenopausal BC survivors in the LISA study [60]. Actually, the LISA study had disease-free survival and overall survival as primary outcomes, but the results were not reported due to lack of financial support to reach the sample size initially planned. In a large study, the ENERGY trial (344 participants in intervention arm, 328 in the control arm) reported a weak or null associations after a 24-months intervention assessing specific items of the SF-36 with a nutritional weight loss programme among breast cancer survivors with overweight or obesity (BMI > 25) [61].



A unique 2-week intervention in hydrothermal centres that included physical activity and nutritional education with calorie restriction (1200 kcal/day) reported improvements on breast cancer patients’ quality of life according to the SF-36 global score at several times of follow-up, with the highest difference between group arms at 6 months [64]. In a randomised pilot trial investigating the effect of a 3-month ‘fatigue reduction diet’ (defined as a diet rich in fruit, vegetables, whole grains, and foods rich in omega-3 fatty acids) revealed an improvement in fatigue and sleep quality in 15 breast cancer survivors compared to the15 participants from the control group. In contrast, in a RCT with 72 cases (36 in each study group) there was no significant change in global health and fatigue with a 6-month intervention including dietary counselling and physical activity sessions, although only half of the participants in the intervention group completed at least 75% of the programme sessions [65].



Finally, the Women’s Health Initiative (WHI) Dietary Modification (DM) clinical trial, with a long dietary intervention (8.5 years) and extended follow-up (median 19.6 years), reported that the adoption of a low-fat dietary pattern (characterised by increased vegetable, fruit and grain intake) reduced significantly the risk of overall (15%) and breast cancer-specific mortality (21%) among postmenopausal women [66].




3.3.2. Randomised Controlled Trials on Other Cancers


The Leadership and Coaching for Health (LEACH) program, a 12-month intervention based on counselling for balanced dietary habits, physical activity and distress management, improved anxiety according to the Hospital Anxiety and Depression Scale (HADS), social functioning and appetite loss scores from baseline to 3 months in survivors of several tumour sites (breast, stomach, colon, lung) with favourable prognosis (non-metastatic cases with treatment completed within the last two years). In addition, from baseline to 12 months, the intervention group showed a significantly greater decrease in the EORTC QLQ-C30 (European Organization for Research and Treatment of Cancer Quality of Life Questionnaire) fatigue score [67].



Three RCT were conducted on CRC survivors, including a small (18 participants, 9 per arm) randomised pilot study [58]. An improvement on fatigue score after a 12-week program of home-based exercise and dietary advice in the intervention versus control group was reported, but no change in cancer-specific quality of life according to the FACT-C (Function After Cancer Therapy-Colorectal) was observed. A recent study in China reported that participants receiving a 12-month dietary intervention (aimed to reduce red/processed meat to less than 5 servings/week [with processed meat less than 2] and limiting refined grains to 2 servings/day) experienced a significant improvement in generic and CRC-specific QoL, and reduced levels of depression at 12 and 24 month of follow-up [68]. On the other hand, the double-blind, phase III, randomised, placebo-controlled trial providing daily antioxidant supplementation (active compound of 200 μg selenium, 30 mg zinc, 2 mg vitamin A, 180 mg vitamin C, 30 mg vitamin E) for 5 years reported a significant 39% reduction of recurrence risk in the intervention compared to the placebo group in CRC patients post-polypectomy [69].



Regarding prostate cancer survivors, there were no significant differences in time to progression for participants of the MEAL (Men’s Eating and Living) study that received a telephone-counselling intervention addressed to increase vegetables consumption over a 24-month period compared to the control group, which received written information on diet and prostate cancer [70].



Finally, in a randomised pilot study in endometrial cancer survivors, an 8-week intervention based on healthy eating and physical activity sessions was associated with a significant improvement in global quality of life (as measured by the EORTC QLQ-C30) in the intervention arm at 24 weeks compared to the control group [59].






4. Discussion


This systematic review summarises the evidence of the impact of diet, as measured by dietary patterns and nutritional interventions, on cancer prognosis, based upon thirty-five prospective cohort studies and fourteen randomised controlled trials. As expected, the vast majority of the articles focused on breast and colorectal cancer survivors.



A better overall diet (i.e., with a high diet quality index) may improve survival after breast cancer diagnosis. The evidence is rather limited to draw conclusions about breast cancer specific-mortality and recurrence. A meta-analysis of four prospective cohort studies including over 9200 breast cancer survivors estimated that women in the highest versus the lowest category of diet quality index had a significant 23% lower mortality. Moreover, for a 10-point increase in the score, which is equivalent to moving from one quartile to the next, there was a significant 9% reduction in mortality. Although the point estimates were similar for breast cancer-specific survival, the association with a better diet quality turned out to be non-significant.



We identified evidence of an increased risk of overall mortality for breast cancer survivors following more pro-inflammatory diets [29]. However, the effect of the inflammatory potential of diet on breast cancer progression needs to be confirmed in larger studies. In fact, these findings are in good agreement with previous studies showing an association between better post-diagnosis diet quality and lower levels of chronic inflammation, as measured by C-reactive protein, independent of body mass index or physical activity [71].



A wide variety of dietary patterns have been assessed for their prognostic value in colorectal cancer survivors. A potential protective effect for overall mortality was identified with Mediterranean dietary pattern, although the results need to be confirmed in other large cohorts and trials [43]. In contrast, the DASH diet (a dietary pattern in principle intended to reduce hypertension) revealed no association with colorectal cancer survival, based on results from two large cohorts [41,42].



The ‘processed meat’ pattern and two other clusters, the first characterised by meat and dairy intake, and another one characterised by intake of total grains, sugar and soft drinks, were associated with worse overall prognosis (combined mortality, recurrence, or metastasis) [40]. Instead, other derived patterns, the ‘Prudent’ and the ‘Western’ dietary patterns showed no associations with mortality outcomes in a different study [41]. The finding of a potential role in disease progression for processed meat is in good agreement with previous evidence confirming its role as a cause of colorectal cancer [72].



A better post-diagnostic diet quality, assessed by the HEI, was associated with lower mortality among female breast and gynaecological cancers [31]. A potential mechanism explaining these findings could be mediated through inflammation since higher quality diets after diagnosis exhibited lower C-reactive protein levels in cancer patients [73] and diets corresponding to higher adherence to HEI score are considered diets with low inflammatory potential [71]. Moreover, a higher adherence to the WCRF/AICR guidelines showed a better overall survival among older female cancers [36].



There seems not be enough evidence to draw conclusions on the prognosis of cancers other than breast and colorectal cancer, but according to three studies in prostate cancer survivors, a ‘Western’ dietary pattern and a diet with higher inflammatory potential were associated with higher overall and cancer-specific mortality, respectively [49,50]. In contrast, the Mediterranean diet, which is attributed with an anti-inflammatory potential, was associated with lower overall mortality [48].



The randomised clinical trials included in this review evaluated the effect of a dietary intervention, often in combination with physical activity, on cancer prognosis. Despite most of the studies focused on quality of life as primary or secondary outcome, differences in study design and tools used for QoL assessment did not allow us to calculate an overall estimate for each specific cancer. Three studies on breast cancer survivors reported significant improvement in quality of life following interventions aimed at weight loss or energy reduction, combined with physical activity advice [60,62,63]. However, a large study in overweight or obese patients reported no effect on quality of life after a long 24-month nutritional weight loss program [61]. Inconsistent results were found between two small trials on breast cancer survivors investigating fatigue, which is one of the most researched aspects of quality of life among cancer survivors; one was a pilot study, randomised and controlled, that reported improvement on fatigue after a 3-month diet rich in fruit, vegetables, whole grains and foods rich in omega-3 fatty acids [57], and the other did not see changes in fatigue after a 6-month intervention based on dietary counselling and physical activity sessions [65]. Key differences in the design of the studies may partly explain inconsistencies in results when examining the same outcome in the same type of cancer.



As for other cancers, generally, interventions that combined dietary counselling and physical activity improved overall quality of life among survivors, although evidence was limited to draw precise conclusions or make recommendations.



Study Strengths and Limitations


Strengths of this systematic review are the inclusion of dietary patterns instead of individual foods, food groups or nutrients as well as the restricted inclusion of only prospective cohort studies and randomised controlled trials. Furthermore, probably because of strict application of the selection criteria, the studies included in the review had good validity, according to the high score achieved on a scale designed to assess the risk of bias. In addition, examining the diet as a whole provides a quick translation into real-life scenarios that can be used to derive recommendations for cancer survivors. Moreover, we assessed studies conducted in a wide variety of settings, and hence we were able to summarise and report associations between dietary patterns and different cancer prognostic outcomes separately, by specific dietary pattern, outcome and cancer type.



A limitation of this systematic review and meta-analysis was that eligible studies were predominantly observational, including, in some instances, several publications based on the same cohort. In general, most studies derived dietary intake from a single FFQ, although a few used data accumulated from multiple dietary assessments. Additionally, the small number of studies that investigated a common dietary pattern and outcome in a cohort of survivors of the same cancer type limited our ability to conduct meta-analyses to estimate the pooled effect across included studies for tumours other than breast cancer. Similarly, we were unable to perform a meta-analysis across randomised controlled trials, including three pilot studies, owing to heterogeneity between the instruments used for quality of life assessment, which was the most common outcome.





5. Conclusions and Final Remarks


An overview of the results reveals that the majority of dietary patterns characterised by a ‘high quality’ diet, often defined according to existing guidelines, as well as a priori patterns defined as nutritionally ‘healthy’, can be associated with improved survival in breast and colon cancer survivors. Despite the assumption that dietary patterns are intended to evaluate diet quality as a whole and are a holistic approach to nutrition, this is to some extent, an expected result, which basically leaves us in the same situation already pointed out for nutritional recommendations [8]: we may end up with a tendency to use cancer prevention guidelines for cancer survivors. In this context, a promising approach could be the assessment of dietary patterns directly related to underlying mechanisms linking nutrition factors to cancer progression [10]. Dietary patterns based on biological processes assume that mechanisms underlying the associations between a dietary pattern and cancer are likely due to the individual or synergistic effects of the various dietary components of this pattern. Indeed, accumulating evidence suggests that diet can modulate these mechanisms. Several interrelated biological processes have been proposed, including antioxidant capacity, hyperinsulinemic potential, metabolic or hormonal disruption, and inflammation and immune function [74,75,76,77].



Most randomised trials included in this review evaluated quality of life as primary or secondary outcome related to prognosis. Overall, we may conclude that most dietary interventions tend to improve quality of life and some specific quality of life components among breast cancer survivors. It must be kept in mind, however, that in many instances the effect of diet cannot be assessed independently, as most interventions combined diet and physical activity. However, differences in study design and tools used for quality of life assessment did not allow us to calculate an overall estimate for each specific cancer. Therefore, one of the key issues arising from of this review is the recommendation that future trials evaluating quality of life always include one of the questionnaires widely validated and accepted by most researchers, regardless of the specific aspects and dimensions of quality of life of interest in this particular investigation. On the other hand, there is still need of large, prospective, randomised intervention trials to generate data demonstrating improvements in cancer-specific outcomes (recurrence, disease-free survival) as a result of these dietary (and other lifestyle) interventions. It has long been recognised that such kind of trials are resource- and time-intensive [78]. Since evaluating the impact of lifestyle interventions on survival and cancer-related events requires long follow-up of participants, usually accompanied by a high economic burden, a potential alternative is the assessment of short- and medium-term outcomes of changes in prognostic-related markers. This needs, additionally, further research addressed to assess biomarkers with potential prognostic value (epigenetic, metabolic, and molecular) susceptible to modification by diet and other lifestyle factors.
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Table A1. Risk of bias assessment according to the Newcastle-Ottawa Scale (NOS) for cohort studies.






Table A1. Risk of bias assessment according to the Newcastle-Ottawa Scale (NOS) for cohort studies.





	

	
Study Reference

	
Selection (0–4)

	
Comparability (0–2)

	
Outcome (0–3)

	
Total Score (0–9)






	
Several cancers

	

	

	

	




	

	
Inoue-Choi, 2013 *

	
4

	
2

	
3

	
9




	

	
Karavasiloglou, 2019

	
4

	
2

	
2

	
8




	
Breast cancer

	

	

	

	




	

	
Kim, 2011

	
4

	
2

	
2

	
8




	

	
George, 2011

	
4

	
1

	
2

	
7




	

	
Vrieling, 2013

	
4

	
1

	
2

	
7




	

	
Inoue-Choi, 2013

	
4

	
2

	
3

	
9




	

	
Izano, 2013

	
4

	
2

	
2

	
8




	

	
George, 2014

	
4

	
2

	
2

	
8




	

	
McCullough, 2016

	
4

	
2

	
2

	
8




	

	
Jang, 2018

	
3

	
1

	
1

	
5




	

	
Sun, 2018

	
4

	
2

	
3

	
9




	

	
Zheng, 2018

	
4

	
2

	
3

	
9




	

	
Karavasiloglou, 2019

	
4

	
2

	
2

	
8




	

	
Wang, 2020

	
4

	
2

	
3

	
9




	

	
Wang, 2021

	
4

	
2

	
2

	
8




	
Colorectal cancer

	

	

	

	




	

	
Inoue-Choi, 2013

	
4

	
2

	
3

	
9




	

	
Zhu, 2013

	
4

	
2

	
2

	
8




	

	
Pelser, 2014

	
4

	
2

	
2

	
8




	

	
Fung, 2014

	
4

	
2

	
3

	
9




	

	
Romaguera, 2015

	
4

	
2

	
1

	
7




	

	
Jacobs, 2016

	
4

	
2

	
2

	
8




	

	
Yuan, 2017

	
4

	
2

	
2

	
8




	

	
Ratjen, 2017

	
4

	
2

	
2

	
8




	

	
Sharma, 2018

	
4

	
2

	
2

	
8




	

	
Zheng, 2020

	
4

	
2

	
2

	
8




	

	
Tabung, 2020

	
4

	
2

	
2

	
8




	
Prostate cancer

	

	

	

	




	

	
Kenfied, 2014

	
4

	
2

	
2

	
8




	

	
Yang M (1), 2015

	
4

	
2

	
3

	
9




	

	
Zucchetto, 2016

	
4

	
1

	
2

	
7




	
Head and Neck cancer

	

	

	

	




	

	
Arthur, 2013

	
4

	
1

	
2

	
7




	

	
Crowder, 2019

	
4

	
1

	
1

	
6




	
Ovarian cancer

	

	

	

	




	

	
Thomson, 2014

	
4

	
1

	
1

	
6




	

	
Hansen, 2020

	
4

	
1

	
2

	
7




	
Bladder cancer

	

	

	

	




	

	
Westhoff, 2018

	
4

	
1

	
2

	
7




	
Multiple myeloma (MM)




	

	
Lee, 2020

	
4

	
1

	
3

	
8








Each item included the following subcategories: Selection (0–4 points): Representativeness of the exposed cohort, Selection of the non-exposed cohort, Ascertainment of exposure, Demonstration that outcome of interest was not present at start of study; Comparability (0–2 points): Comparability of cohorts on the basis of the design or analysis; Outcome (0–3): Assessment of outcome, Was follow-up long enough for outcomes to occur, Adequacy of follow-up of cohorts. * The paper by Inoue-Choi 2013 (Ref. [36]) is listed twice since it was considered as two different cohort studies (or two different analyses within the same cohort): one of them analyzed a group of survivors of a group of several cancers, the second one was restricted to breast cancer survivors. Since some items owing to selection and comparability were dealt with differently in each analysis they were considered as two independent studies.
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Table A2. Summary of cohort study data used for meta-analysis calculation.






Table A2. Summary of cohort study data used for meta-analysis calculation.





	

	

	
HR (95% CI)




	
Study Reference, Cohort

	
Diet Quality Index

	
Q1

	
Q2

	
Q3

	
Q4

	
Q5

	
10-Unit Increase






	
Kim, 2011

	
AHEI

	

	

	

	

	

	




	
NHS

	
-

	

	

	

	

	

	




	

	
Overall mortality

	
1.00

	
0.82 (0.61–1.10)

	
0.83 (0.62–1.12)

	
0.98 (0.73–1.32)

	
0.85 (0.63–1.17)

	
-




	

	
BC-specific mortality

	
1.00

	
1.06 (0.68–1.66)

	
1.12 (0.72–1.74)

	
1.28 (0.83–1.98)

	
1.53 (0.98–2.39)

	
-




	
George, 2011

	
HEI-2005

	

	

	

	

	

	




	
HEAL

	
Mean

	
50.10

	
62.90

	
70.80

	
79.00

	
-

	




	

	
Overall mortality

	
1.00

	
0.39 (0.18–0.85)

	
0.85 (0.43–1.71)

	
0.40 (0.17–0.94)

	
-

	
0.80 (0.60–1.05)




	

	
BC-specific mortality

	
1.00

	
0.65 (0.23–1.86)

	
0.70 (0.24–2.06)

	
0.12 (0.02–0.99)

	
-

	
0.53 (0.28–0.99)




	
George 2014

	
HEI-2005

	

	

	

	

	

	




	
WHI

	
Range (Midpoint)

	
34–63 (48.5)

	
63–71 (67)

	
71–77 (74)

	
77–91 (84)

	
-

	




	

	
Overall mortality

	
1.00

	
0.93 (0.71–1.22)

	
0.86 (0.65–1.14)

	
0.74 (0.55–0.99)

	
-

	
0.92 (0.85–1.01)




	

	
BC-specific mortality

	
1.00

	
0.99 (0.66–1.50)

	
0.93 (0.61–1.43)

	
0.91 (0.60–1.40)

	
-

	
0.97 (0.86–1.10)




	
Wang 2020

	
HEI-2015

	

	

	

	

	

	




	
SBCSS

	
Range (Midpoint)

	
38.0–58.7 (48.35)

	
58.7–61.9 (60.3)

	
61.9–65.8 (63.85)

	
65.8–78.5 (72.15)

	
-

	




	

	
Overall mortality

	
1.00

	
1.08 (0.82–1.42)

	
1.01 (0.76–1.36)

	
0.79 (0.57–1.10)

	
-

	
0.91 (0.79–1.05)




	

	
BC-specific mortality

	
1.00

	
1.10 (0.79–1.53)

	
0.91 (0.63–1.31)

	
0.86 (0.58–1.27)

	
-

	
0.93 (0.79–1.11)








NHS, Nurses’ Health Study; HEAL, Health, Eating, Activity, and Lifestyle Study; WHI, Women’s Health Initiative; SBCSS, Shanghai Breast Cancer Survival Study; AHEI, Alternative Healthy Eating Index; HEI, healthy eating index; BC, breast cancer; HR, hazard ratio; CI, confidence interval; Q1, first quartile or quintile; Q2, second quartile or quintile; Q3, third quartile or quintile; Q4, fourth quartile or quintile; Q5, fifth quintile.
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Figure 1. Flow diagram of literature search and selection process adapted from Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 






Figure 1. Flow diagram of literature search and selection process adapted from Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).



[image: Nutrients 14 00348 g001]







[image: Nutrients 14 00348 g002 550] 





Figure 2. Meta-analysis of prospective cohort studies on the association between quality diet score and overall mortality among breast cancer survivors. (A) Forest plot showing pooled hazard ratios (HRs) with 95% CI for the highest diet quality (Healthy Eating Index [HEI], Alternate Health Eating Index [AHEI]) vs. lowest diet quality category for overall mortality. (B) Forest plot showing pooled HRs with 95% CI for 10-point increase in the quality diet score and overall mortality. 
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Figure 3. Meta-analysis of prospective cohort studies on the association between quality diet score and breast cancer-specific mortality among breast cancer survivors. (A) Forest plot showing pooled hazard ratios (HRs) with 95% CI for the highest diet quality (Healthy Eating Index [HEI], Alternate Health Eating Index [AHEI]) vs lowest diet quality category for breast cancer-specific mortality. (B) Forest plot showing pooled HRs with 95% CI for 10-point increase in the quality diet score and breast cancer-specific mortality. * Prediction interval lines are not represented in this figure because intervals are too wide. 
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Table 1. Characteristics of the included prospective cohort studies (n = 35) examining the association between dietary patterns and prognosis in cancer survivors.
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Author, Year

	
Country

	
Population, Cohort

	
Dietary Assessment

	
Dietary Patterns

	
Outcomes

	
Results—Multivariate Adjusted RR/HR(95% CI)

	
Observations






	
Several tumour sites




	
Inoue-Choi, 2013

	
USA

	
IWHS, 2017 cancer cases: breast (n = 938), colorectal (n = 380), gynaecologic (n = 262) and other cancer (n = 437), mean age 78.9 years, mean follow-up 5.4 years.

	
Post-diagnostic 127-items FFQ.

	
WCRF/AICR guidelines scores.

	
All-cause mortality, cancer-specific mortality, CVD-specific mortality.

	
Q4 vs. Q1. All survivors: All-cause mortality: HR = 0.67 (0.49–0.90), p-trend = 0.03; Cancer-specific mortality HR = 0.63 (0.39–1.04), p-trend = 0.21; CVD-specific mortality: HR = 0.92 (0.57–1.47), p-trend = 0.40. Gynaecological cancers: All-cause mortality: HR = 0.96 (0.34–2.69), p-trend = 0.94; Gynaecological cancer-specific mortality: NA; CVD-specific mortality: HR = 1.05 (0.27–4.15), p-trend = 0.83. Other cancer: All-cause mortality: HR = 0.55 (0.30–1.01), p-trend = 0.12.

	
Gynaecology included cervical, endometrial, ovarian and other female genital organ cancers. ‘Other cancer’ category was not further defined. Models adjusted for age, total number of comorbid conditions (accumulated, 1986–2004), perceived general health and current smoking, cancer stage, cancer type, cancer treatment (surgery, chemotherapy), subsequent cancer diagnosis before 2004, current cancer treatment and person-years since cancer diagnosis. Mean time since cancer diagnosis is 8.6 years (SD = 4.8 years).




	
Karavasiloglou, 2019

	
USA

	
120 gynaecological cancers: ovarian (n = 19), cervical (n = 54), and uterine cancer (n = 47), NHANES III, mean follow-up 12.4 years.

	
Post-diagnostic 24-h dietary recall.

	
HEI and MDS.

	
All-cause mortality.

	
By 1-unit increase, HEI: HR = 0.92 (0.89–0.96). MDS: HR = 0.77 (0.57–1.04). Good (≥70) vs. Poor (<70) HEI: 0.20 (0.10–0.43). Adherers (5–9) vs. Non-adherers (0–4) MDS: HR = 0.49 (0.18–1.37).

	
Usual variables of adjustment; alcohol was not included in the adjustment of the MDS model (it is one of the MDS items). Information regarding disease severity or treatment was not available. Important: mean time between diagnosis and completion of the questionnaire is 10.4 years; therefore, these associations refer to long-term survivors.




	
Breast cancer (BC)




	
Kim, 2011

	
USA

	
2729 postmenopausal BC stage I-III), NHS study, follow-up 6 years.

	
Pre- and post-diagnosis FFQ every 4 years (initially 61-items, until 130-items).

	
Diet quality indices: AHEI, DQIR, RFS, aMED

	
All-cause mortality, BC-specific mortality and non-BC mortality, BC-recurrence

	
Q5 vs. Q1 (post-diagnostic diet): All-cause mortality: HEI, RR = 0.85 (0.63–1.17); DQIR, RR = 0.78 (0.58–1.07); RFS, RR = 1.03 (0.74–1.42); aMED, RR = 0.87 (0.64, 1.17). BC-specific mortality: RFS, RR = 1.54 (0.95–2.47) p-trend = 0.02. Distant recurrences: RFS, RR = 1.45 (0.94–2.23) p-trend = 0.001. Pre-diagnostic diet quality indices were not associated with outcomes.

	
For pre-diagnosis diet, diet quality indices based on a single dietary questionnaire were not associated with total mortality, breast cancer mortality, distant recurrences or non-breast cancer mortality (data not reported). Adjustment for relevant variables.




	
George, 2011

	
Mexico, USA

	
HEAL Study; 670 local or regional BC survivors, follow-up 6 years.

	
Post-diagnostic 122-items self-administered FFQ 6 and 30-month.

	
HEI-2005.

	
All-cause and BC-specific mortality.

	
Q4 vs. Q1: all-cause mortality HR = 0.40 (0.17–0.94), BC-specific mortality HR = 0.12 (0.02–0.99). All-cause mortality in active-higher HEI-2005 vs. inactive-lowest HEI-2005: HR = 0.11 (0.04–0.36); BC-specific mortality in active-higher vs. inactive-lowest HEI-2005: HR = 0.09 (0.01–0.89).

	
Adjusted for energy, physical activity, race, stage and tamoxifen use.




	
Vrieling, 2013

	
Germany

	
2522 postmenopausal BC stage I–IV, median follow-up 5.5 years, MARIE study.

	
1-year pre-diagnostic 176-item FFQ.

	
Dietary patterns: ‘healthy’ and ‘unhealthy’; defined by principal components and factor analysis.

	
Overall mortality, BC-specific and non-BC mortality; recurrence of breast cancer.

	
Q4 vs. Q1 ‘unhealthy’ pattern: HR = 3.69 (1.66–8.17) p-trend < 0.001 (non-BC mortality), HR = 1.34 (0.93–1.94) p-trend = 0.03 (overall mortality), HR = 0.99 (0.64–1.52) p-trend = 0.59 (BC-mortality). Within cases stage I-IIIa, ‘healthy’ pattern HR = 0.74 (0.47–1.15) p-trend = 0.02 (overall mortality), HR = 0.71 (0.48–1.06) p-trend = 0.02 (recurrence).

	
BMI and physical activity not included in multivariate models.




	
Inoue-Choi, 2013

	
USA

	
IWHS, 938 BC cases.

	
Post-diagnostic 127-items FFQ.

	
WCRF/AICR guidelines scores.

	
all-cause mortality, BC-specific mortality, CVD-specific mortality

	
Q4 vs. Q1. All-cause mortality: HR = 0.61 (0.39–0.96), p-trend = 0.01. BC-specific mortality: HR = 0.88 (0.41–1.91), p-trend = 0.65. CVD-specific mortality: HR = 0.67 (0.33–1.37), p-trend = 0.10.

	
Models adjusted for age, total number of comorbid conditions (accumulated, 1986–2004), perceived general health and current smoking, cancer stage, cancer type, cancer treatment (surgery, chemotherapy), subsequent cancer diagnosis before 2004, current cancer treatment and person-years since cancer diagnosis. No data on cancer stage, mean age of cases and mean/median follow-up time. See note in ‘Several tumour sites’ section for this article.




	
Izano, 2013

	
USA

	
NHS, 4103 BC cases stages I-III, median follow-up 9.3 years.

	
At least 12 months after diagnostic, FFQ

	
DASH, AHEI-2010.

	
Primary: BC-mortality; Secondary: distant BC recurrence, non-BC mortality, total mortality.

	
Q5 vs. Q1 dietary pattern; BC mortality, DASH RR = 0.85 (0.61–1.19) p-trend = 0.47; AHEI-2010 RR =1.07 (0.77–1.49) p-trend = 0.95. Non-BC mortality, DASH RR = 0.72 (0.53–0.99) p-trend = 0.03; AHEI-2010 RR = 0.57 (0.42–0.77) p-trend < 0.0001.

	
No association with BC recurrence (data not shown) in multivariate models. Results for total mortality (one of the secondary endpoints) not reported, only mentioned in methods. Adjustment: age at diagnosis, energy intake, BMI, smoking and physical activity.




	
George, 2014

	
USA

	
2317 postmenopausal women invasive BC (localised, regional, distant, unknown), (50–79 years), WHI Dietary Modification Trial (n = 1205) and Observational Study (n = 1112), follow-up 9.6 years.

	
Post-diagnostic, self-administered FFQ at baseline and at 3-year of follow-up.

	
HEI-2005 scores.

	
All-cause and cause-specific mortality.

	
Q4 vs. Q1 HEI score; all-cause mortality HR = 0.74 (0.55–0.99) p-trend = 0.04; non-BC mortality HR = 0.58 (0.38–0.87) p-trend = 0.01; BC mortality HR = 0.91 (0.60–1.40) p-trend = 0.63.

	
Multivariate model not adjusted for BMI and smoking status. Further adjustment for BMI did not modify HRs (data not reported).




	
McCullough, 2016

	
USA

	
4452 cases (40–93 years), CPS-II Nutrition Cohort, mean follow-up 9.8 years.

	
Pre- and post-diagnostic 68-item Block FFQ (baseline), 152-item Harvard FFQ twice during follow-up.

	
Dietary pattern scores based on ACS dietary guidelines.

	
All-cause mortality and deaths from BC, non-BC and CVD.

	
Highest vs. Lowest post-diagnostic dietary pattern: BC-mortality RR = 1.44 (0.90–2.30); CVD mortality RR = 0.81 (0.47–1.39); Non-BC mortality RR = 0.78 (0.56–1.07) p-trend = 0.03 & per 2-point increase RR = 0.88 (0.79–0.99). Pre-diagnostic diet score was not associated with all-cause mortality.

	
Adjustment for usual variables; alcohol not included in the final model since it did not change the estimated RRs.




	
Jang, 2018

	
Korea

	
511 cases (mean age 51.9 years), mean follow-up 69 months, Hanyang University Seoul Hospital.

	
Post-diagnostic 24-h diet recall.

	
DII (34 items).

	
BC recurrence and overall mortality.

	
Q4 vs. Q1; BC recurrence HR = 2.3 (1.17–4.71) p-trend = 0.019; overall mortality HR = 3.0 (1.08–8.83) p-trend = 0.041.

	
Not adjusted for physical activity, alcohol and smoking status. Associations were also significant among women < 50 y, premenopausal, BMI ≥ 25 kg/m2, HR+ tumours, tumour size > 2 cm and lymph node metastasis (strata of prognostic factors).




	
Sun, 2018

	
USA

	
2295 postmenopausal women (50–79 years at recruitment), invasive BC, 12 years follow-up, WHI study.

	
Pre- and post-diagnostic FFQ, HEI-2010 based on 12 components.

	
HEI-2010 score.

	
All-cause mortality, BC-mortality, non-BC mortality.

	
Compared with women with stable diet quality, women who decreased ≥15% HEI-2010, HR = 1.66 (1.09–2.52) for BC-mortality. Women who increased ≥15% HEI-2010 vs. stable diet quality HR = 1.00 (0.81–1.23) for all-cause mortality, HR = 0.98 (0.67–1.44) for BC-mortality and HR = 0.96 (0.74–1.23) for other causes.

	
Adjustment for relevant variables.




	
Zheng, 2018

	
USA

	
2150 postmenopausal women (age 50–79 years), 13.3 years follow-up, WHI.

	
1.5 years post-diagnostic: FFQ 120-items plus other related questions.

	
E-DII (32 components).

	
All-cause, BC-specific, and CVD mortality.

	
Q1 vs. Q4 E-DII; HR = 0.96 (0.62–1.49) p-trend = 0.96 (BC mortality); HR = 0.82 (0.63–1.05) p-trend = 0.17 (all-cause mortality); HR = 0.44 (0.24–0.82) p-trend = 0.005 (CVD mortality).

	
Adjustment for usual variables except for alcohol (probably because alcohol is one of the DII’s items). Stratified analyses for hormonal receptors (ER, PR and combined ER-PR status) with no significant interactions.




	
Karavasiloglou, 2019

	
USA

	
110 women, NHANES III, mean follow-up 8.6 years.

	
Post-diagnostic 24-h dietary recall.

	
HEI, MDS.

	
All-cause mortality.

	
By 1-unit increase, HEI: HR = 0.97 (0.95–0.99); MDS: HR = 0.97 (0.82–1.16). Good (≥70) vs. Poor (<70) HEI: 0.49 (0.25–0.97). Adherers (5–9) vs. Non-adherers (0–4) MDS: HR = 0.78 (0.47–1.32).

	
Usual variables of adjustment; alcohol was not included in the adjustment of the MDS model (it is one of the MDS items). Information regarding disease severity or treatment was not available. See note in ‘Several tumour sites’ section for this article.




	
Wang, 2020

	
China

	
3450 cases stage I-IV, SBCSS, follow-up time 8 years.

	
Post-diagnostic: 93-item semi-quantitative FFQ at 5 years.

	
CHFP-2007, CHFP-2016, modified DASH, HEI-2015.

	
All-cause mortality, BC-specific mortality, BC-specific events.

	
Q1 vs. Q4 dietary pattern; all-cause mortality: CHFP-2007 HR = 0.66 (0.48–0.89), CHFP-2016 HR = 0.75 (0.55–1.01), DASH HR = 0.66 (0.49–0.91). BC-specific events: CHFP-2007 HR = 0.64 (0.44–0.93), CHFP-2016 HR = 0.67 (0.45–0.99), DASH HR = 0.60 (0.40–0.90). Similar association patterns observed for BC-specific mortality.

	
BC-specific events defined as recurrence or metastasis of BC and deaths from BC. Usual variables of adjustment except for alcohol (not included). Information on outcomes collected during the 10-year post-diagnosis by means on in-person survey.




	
Wang, 2021

	
USA

	
8482 BC cases stage I-III, median follow-up 14 years, NHS and NHSII.

	
Post-diagnostic semi-quantitative FFQ every 4 years.

	
DRRD (9 components).

	
All-cause mortality, BC-specific mortality.

	
Q5 vs. Q1 DRRD; BC-mortality: HR = 0.80 (0.65–0.97) p-trend = 0.02; all-cause mortality HR = 0.66 (0.58–0.76) p-trend < 0.0001. Compared with lower score (≤median) before & after diagnosis, women whose score improved from low to high: HR = 0.77 (0.62–0.95) for BC-specific mortality; HR = 0.85 (0.74–0.97) for overall mortality.

	
Multivariate model adjusted for key confounders. Included change in BMI from pre- to post-diagnostic in adjustments.




	
Colorectal cancer (CRC)




	
Inoue-Choi, 2013

	
USA

	
IWHS, 380 CRC cases, older female survivors (no age specified).

	
Post-diagnostic 127-items FFQ.

	
WCRF/AICR guidelines scores.

	
All-cause mortality, CRC-specific mortality.

	
Q4 vs. Q1. All-cause mortality: HR = 1.19 (0.59–2.43), p-trend = 0.64. CRC-specific mortality: HR = 1.16 (0.33–4.12), p-trend = 0.84. CVD-specific mortality: HR = 2.61 (0.78–8.71), p-trend = 0.19.

	
Models adjusted for age, total number of comorbid conditions (accumulated, 1986–2004), perceived general health and current smoking, cancer stage, cancer type, cancer treatment (surgery, chemotherapy), subsequent cancer diagnosis before 2004, current cancer treatment and person-years since cancer diagnosis. No data on cancer stage, mean age of cases and mean/median follow-up time. See note in ‘Several tumour sites’ section for this article.




	
Zhu, 2013

	
Canada

	
529 invasive CRC, Newfoundland Familial Colorectal Cancer Registry, median follow-up 6.4 years.

	
Pre-diagnostic semi-quantitative 170-items FFQ (including vitamin and dietary supplements). Principal factor analysis (39 food groups).

	
Dietary patterns extracted: ‘processed meat pattern’, ‘prudent vegetable pattern’ and ‘high-sugar pattern’.

	
Disease-free survival (DFS) and overall survival (OS).

	
Q4 vs. Q1: processed meat pattern CRC HR = 1.82 (1.07–3.09), p-trend = 0.09 for DFS. Colon HR = 2.29 (1.19–4.40) & rectum HR = 0.97 (0.38–2.45) for DFS. Colon HR = 2.13 (1.03–4.43) for OS.

	
Physical activity, alcohol and smoking status not included in the adjustment.




	
Pelser, 2014

	
USA

	
NIH-AARP Diet and Health study, 4213 colon and 1514 rectal cancer cases, 5 years follow-up.

	
Pre-diagnostic 124-item FFQ.

	
HEI-2005.

	
All-cause, CRC-mortality and CVD-mortality.

	
Q5 vs. Q1; Colon cancer: all-cause mortality: RR = 0.95 (0.78–1.16), p-trend = 0.22; CRC-mortality RR = 0.99 (0.77–1.27), p-trend = 0.41; CVD-mortality RR = 0.45 (0.23–0.87), p-trend = 0.01. Rectal cancer: all-cause mortality: RR = 0.60 (0.42–0.86), p-trend = 0.04; CRC-mortality RR = 0.64 (0.41–0.99), p-trend = 0.05; CVD-mortality RR = 0.28 (0.06–1.43).

	
Variables of adjustment usually used except for socioeconomic status.




	
Fung, 2014

	
USA

	
1201 stage I–III CRC cases (women only), median follow-up 11.2 years, NHS.

	
Post-diagnostic: FFQ at least 6 months after diagnostic; principal component analysis.

	
AHEI-2010, aMED and DASH and 2 derived dietary patterns: western and prudent diet.

	
Overall and CRC-specific mortality.

	
Q5 vs. Q1; AHEI-2010: Overall mortality: HR = 0.71 (0.52–0.98), p-trend = 0.01; CRC mortality: HR = 0.72 (0.43–1.21), p-trend = 0.07.

	
No other diet quality score or dietary pattern was associated with overall or CRC-specific mortality.




	
Romaguera, 2015

	
Europe (10 countries)

	
EPIC, 3292 CRC cases, mean follow-up 4.2 years.

	
Pre-diagnostic country-specific validated dietary questionnaires and standardised EPIC Nutrient Data Base.

	
WCRF/AICR guidelines. Score range 0–6 in men, 0–7 in women; higher scores: greater adherence.

	
CRC-specific and overall mortality.

	
CRC-specific mortality: 2nd, 3rd and 4th concordance with recommendations vs. lowest concordance: HR2nd = 0.87 (0.72–1.06), HR3rd = 0.74 (0.61–0.90), HR4th = 0.70 (0.56–0.89); p-trend < 0.0001. Similar results for overall survival (p-trend 0.004).

	
Adjusted by usual variables including smoking. Body fatness, PA and alcohol were part of the WCRF score, so these were not included in the adjustment.




	
Jacobs, 2016

	
USA

	
MEC study, 4204 cases (men and women aged 45–75 years), stage: localised, regional, distant or unknown, mean follow-up 6.0 years.

	
Pre-diagnostic FFQ (>180 food items).

	
4 diet quality indexes: HEI-2010, AHEI-2010, aMED and DASH.

	
CRC-specific and all-cause mortality.

	
African-American women: aMED, CRC-specific mortality: HR1SD = 0.86 (0.77–0.96); aMED, all-cause mortality: HR1SD = 0.88 (0.81–0.96). No significant for men in either case. HEI-2010, AHEI-2010, and DASH no significantly associated with CRC-specific or all-cause mortality.

	
Usual variables of adjustment used except for alcohol since it is part of some scores.




	
Yuan, 2017

	
USA

	
2006 cases from 2 cohorts: NHS, and HPFS, 12.7 years median follow-up

	
Post-diagnostic FFQ every 4 years

	
Two dietary insulin (DI) scores: DI-index and DI-load.

	
CRC-specific mortality and overall mortality.

	
Q5 vs. Q1. CRC-specific mortality: DI-load HR = 1.82 (1.20–2.75), p-trend = 0.006 & DI-index HR = 1.66 (1.10–2.50), p-trend = 0.004. Overall mortality: HR = 1.33 (1.03–1.72), p-trend = 0.03 for DI-load & HR = 1.32 (1.02–1.71), p-trend = 0.02 for DI-index. In BMI ≥ 25 HR = 2.32 (1.21–4.46) for higher DI-index; BMI ≥ 25 kg vs. BMI < 25 (p-interaction = 0.01).

	
Usual variables of adjustment used (BMI, PA, alcohol, smoking status).




	
Ratjen, 2017

	
Northern Germany

	
1404 CRC cases, median follow-up 7 years, median age 69 years, 56% men, PopGen biobank.

	
Post-diagnostic, 112-item semi-quantitative FFQ.

	
Two a priori-defined dietary patterns: MMDS and HNFI.

	
All-cause mortality.

	
MMDS: HRQ4-Q1 = 0.48 (0.32–0.74) & HR1-point increment = 0.88 (0.81–0.96), p-trend = 0.003. HNFI: HRQ4-Q1 = 0.63 (0.39–1.04) and HR1-point increment = 0.90 (0.82–0.99), p-trend = 0.04.

	
Usual variables of adjustment used. No information available for CRC-specific mortality.




	
Sharma, 2018

	
Canada

	
532 CRC (mean age 60 years), mean follow-up 6.27 years, Newfoundland Familial Colorectal Cancer Registry (NFCCR).

	
Pre-diagnostic 169-item FFQ.

	
Cluster Analysis (CA), Principal Component Analysis (PCA), altMED, RFS and DII scores.

	
Overall mortality (OM) and combined Mortality, Recurrence or Metastasis (cMRM).

	
For cMRM: PCA-processed meats HR = 1.82 (1.07–3.09); CA-meat & dairy products HR = 2.19 (1.03–4.67); CA-total grains, sugar, soft drinks HR = 1.95 (1.13–3.37). For OM: Poor adherence aMED HR = 1.62 (1.04–2.56). No association with OM/cMRM with prudent vegetable, high sugar pattern, RFS and DII.

	
Usual variables of adjustment used.




	
Zheng, 2020

	
USA

	
WHI, 463 CRC cases postmenopausal women (aged 50–79 years), 11.6 years follow-up

	
Post-diagnostic FFQ (number of items not reported).

	
E-DII (31 components); DII calculated from diet plus supplements and from diet only.

	
All-cause, total cancer, and CRC-specific mortality.

	
T1 vs.T3: E-DII (diet + supplements) HR = 0.49 (0.31–0.79) for all-cause mortality; HR = 0.57 (0.29–1.10) for total cancer mortality; HR = 0.58 (0.28–1.22) for CRC-specific mortality. E-DII (diet only) HR = 0.72 (0.46–1.12) for all-cause mortality.

	
Most pro-inflammatory E-DII (T3) as ref. E-DII score from diet plus supplements and from diet only were both examined. Models not adjusted for alcohol consumption probably because alcohol is one of the items of DII.




	
Tabung, 2020

	
USA

	
1718 stage I–III CRC, NHS and HPFS cohorts, follow-up 9.9 years.

	
Pre- and post-diagnostic FFQ (number of items not reported).

	
EDIH score.

	
CRC-specific mortality and all-cause mortality.

	
Q5 vs. Q1; Pre-diagnostic EDIH: HR = 1.66 (1.03–2.69) for CRC-mortality & HR = 1.24 (0.97–1.58) for all-cause mortality. Higher EDIH pre- & post-diagnostic HR = 1.51 (0.98–2.32) for CRC-mortality & HR = 1.31 (1.04, 1.64) for all-cause mortality.

	
Usual variables of adjustment used.




	
Prostate cancer (PC)




	
Kenfied, 2014

	
USA

	
4538 non-metastatic PC, HPFS, median follow-up (8.9 years for lethal and 9.1 years for fatal outcomes).

	
Post-diagnostic 130-items FFQ.

	
Med-Diet adherence.

	
PC-specific and overall mortality.

	
High vs. low adherence: HR = 0.98 (0.75–1.29) for lethal disease; HE = 1.01 (0.75–1.38) for fatal disease; HR = 0.78 (0.67–0.90), p-trend = 0.0007 for overall survival.

	
Assessed traditional and alternative Mediterranean diet pattern. Usual variables of adjustment used.




	
Yang M, 2015

	
USA

	
926 cases non-metastatic PC, PHS I or II, follow-up median 13.8 years.

	
Post-diagnostic FFQ (number of items not reported).

	
Prudent and Western pattern.

	
PC-specific and overall mortality.

	
Q4 vs. Q1: Western HR = 2.53 (1.00–6.42), p-trend = 0.02 for PC-mortality & HR = 1.67 (1.16–2.42), p-trend = 0.01 for all-cause mortality. Prudent HR = 0.64 (0.44–0.93) p-trend = 0.02 for all cause-mortality.

	
Usual variables of adjustment used.




	
Zucchetto, 2016

	
Italy

	
726 cases (median age 66 years), median follow-up 12.7 years, cohort study from a case-control study.

	
Pre-diagnostic 78-items + common Italian recipes FFQ.

	
DII (31 items).

	
All-cause and PC-specific survival.

	
T3 vs.T1: DII HR = 1.25 (0.86–1.83) for all-cause mortality. Heterogeneity to Gleason score p < 0.01. Gleason score 7–10 Pca, DII HR= 2.78 (1.41–5.48) for all-cause & HR = 4.01 (1.25–12.86) for PC-specific mortality.

	
Model adjusted for area of residence, calendar period of diagnosis, age at diagnosis, education, smoking habits, abdominal obesity, alcohol intake and energy intake.




	
Head and Neck cancer




	
Arthur, 2013

	
USA

	
542 cases head and neck squamous cell carcinoma (HNSCC); mean age 59 years, mean follow-up ~6 years.

	
Pre-treatment self-administered, semi quantitative Harvard FFQ (131-item); principal component analysis.

	
Two dietary patterns: whole-foods pattern, western pattern.

	
Recurrence and all-cause survival.

	
Most adherence to the whole-foods pattern HRQ5vsQ1= 0.56 (0.34–0.92), p-trend = 0.01.

	
Limitation: the heterogeneous nature of the study population regarding tumour site. Multivariate models adjusted for age, sex, tumour site, cancer stage, treatment, ACE-27 comorbidities, smoking, BMI and total energy intake.




	
Crowder, 2019

	
USA

	
336 cases, University of Michigan Head and Neck Specialised Program of Research Excellence, follow-up 1 year.

	
Pre-treatment self-administered 2007 Harvard FFQ.

	
Principal component analysis, 2 dietary patterns: prudent and western.

	
Nutrition impact symptoms (NIS) 1-year post-diagnostic: difficulty chewing, dysphagia-liquids, dysphagia-solids foods, mucositis.

	
Prudent pattern: difficulty chewing OR = 0.44 (0.21–0.93), p-trend = 0.03; dysphagia liquids OR = 0.38 (0.18–0.79), p-trend = 0.009; dysphagia solid foods OR = 0.46 (0.22–0.96), p-trend = 0.03; mucositis OR = 0.48 (0.24–0.96), p-trend = 0.03, NIS summary score OR = 0.45 (0.22–0.94), p-trend = 0.03.

	
NIS were measured using the UM Head and Neck Quality of Life questionnaire. Final multivariable models not adjusted for PA or alcohol.




	
Ovarian cancer (OC)




	
Thomson, 2014

	
USA

	
636 cases (postmenopausal, mean age 63 years), WHI, follow-up time not found or not clear.

	
Pre-diagnostic FFQ (number of items unknown).

	
HEI-2005 score.

	
Overall and OC-specific mortality.

	
For all-cause mortality: HEI-2005 HRT3-T1 = 0.73 (0.55–0.97), p-trend = 0.03. For OC-mortality: HEI-2005 HRT3-T1 = 0.75 (0.55–1.01), p-trend = 0.06. Women with waist ≤88 cm and no history of diabetes: HR = 0.73 (0.54–0.98).

	
No adjustments for smoking status, alcohol and BMI.




	
Hansen, 2020

	
Australia

	
OPAL study, 958 cases before diagnosis (n = 678) median follow-up 3.9 years and post-diagnosis (n = 512), median follow-up 3.5 years.

	
Collected at baseline, 12 and 24 months using a validated semi quantitative FFQ.

	
Pre- and post-diagnostic Healthy lifestyle index (HLI): including smoking status, physical activity, BMI, alcohol, diet quality score.

	
Overall survival.

	
HLI pre-diagnostic: HR most vs. least healthy HR = 0.79 (0.59–1.04). HLI Post-diagnosis most vs. least healthy HR = 0.61 (0.40–0.93). Diet quality score Pre-diagnostic HRT3-T1 = 0.99 (0.76–1.31) p-trend = 0.9. Post-diagnostic diet quality score HRT3-T1 (best quality vs. worst) = 1.01 (0.63–1.60), p-trend = 0.9.

	
Pre-diagnostic models: adjusted for age, education and comorbidities.

Post-diagnostic models: adjusted for age, education, comorbidities, stage of disease at diagnosis, histological subgroup and residual disease remaining after surgery. Diet quality score based on WCRF/AICR guidelines (excluding alcohol).




	
Bladder cancer




	
Westhoff, 2018

	
USA

	
595 non-muscle-invasive cancer (non-Hispanic white), University of Texas M.D. Anderson Cancer Center, Scott Department of Urology, median follow-up 65.7 months.

	
Pre-diagnostic semi-quantitative 181-items FFQ, exploratory factor analysis (included 135 items).

	
4 dietary patterns derived: fruits and vegetables, western, low-fat, and Tex-Mex.

	
Recurrence or progression to muscle-invasive bladder cancer or metastatic tumours.

	
T3 vs. T1; Recurrence, Western HR = 1.48 (1.06–2.06), p-trend = 0.03. Progression, Western HR = 1.56 (0.91–2.65) p-trend = 0.10. No significant associations with risk of recurrence or progression found for the other patterns.

	
Models adjusted for age, sex, education, income, BMI, smoking status and intensity, total energy intake, grade, tumour multiplicity, concomitant carcinoma in situ and treatment.




	
Multiple myeloma




	
Lee, 2020

	
USA

	
423 cases (mean age 70–72 years women-men), NHS and HPFS, follow-up median 3.5 years.

	
Pre-diagnostic 130-items FFQ.

	
AHEI-2010, aMED, DASH, Prudent, Western and EDIR/EDIP/EDIH.

	
Multiple myeloma-specific mortality, all-cause mortality.

	
1-SD increase; Specific mortality: AHEI-2010 HR = 0.76 (0.67–0.87), p <  0.001; aMED HR = 0.85 (0.75–0.97), p = 0.01; DASH HR = 0.85 (0.76–0.95), p = 0.006; Prudent pattern HR = 0.76 (0.66–0.87), p < 0.001; Western pattern HR = 1.24 (1.07–1.44), p = 0.005; EDIR HR = 1.16 (1.02–1.33), p = 0.03; EDIH HR = 1.17 (1.01–1.35), p = 0.03. Similar results for all-cause mortality.

	
No adjustments for smoking status, alcohol and physical activity.








Abbreviations: CI, confidence interval; WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; ACS, American Cancer Society; RR, relative risk; HR, hazard ratio; ER, oestrogen receptor; PR, progesterone receptor; CVD, cardiovascular. Study names: WHI, Women’s Health Initiative; UM HN-SPORE, University of Michigan Head and Neck Specialised Program of Research Excellence; CPS-II, Cancer Prevention Study II; CALGB, National Cancer Institute–sponsored Cancer and Leukaemia Group B; SBCSS, Shanghai Breast Cancer Survival Study; LACE, Life After Cancer Epidemiology; NHS, Nurses’ Health Study; MEC, Multiethnic Cohort; IWHS, Iowa Women’s Health Study; WHS, Women’s Health Study; HPFS, Health Professionals Follow-up Study; NCI, National Cancer Institute; CWLS, Collaborative Women’s Longevity Study; HEAL, Health, Eating, Activity, and Lifestyle; LIBCSP, Long Island Breast Cancer Study Project; CBCS, Carolina Breast Cancer Study; AOCS, Australian Ovarian Cancer Study; CaPSURE, Cancer of the Prostate Strategic Urologic Research Endeavor; RFS, Recommended Food Score; OPAL, Ovarian cancer Prognosis And Lifestyle; NSHD, Northern Sweden Health and Disease Study; DDCH, Danish Diet, Cancer and Health Study; NOWAC, Norwegian Women and Cancer; PHS, Physicians’ Health Study; DACHS, Darmkrebs: Chancen der Verhütung durch Screening; BCPP, Bladder Cancer Prognosis Programme. Dietary patterns: HEI, Healthy Eating Index; DASH, Dietary Approaches to Stop Hypertension; AHEI, Alternative Healthy Eating Index; DII, Dietary Inflammatory Index; E-DII, Energy-Adjusted Dietary Inflammatory index; DQIR, Diet Quality Index-Revised; RFS, Recommended Food Score; EDIR, Empirical Dietary Index for Insulin Resistance; EDIP, Empirical Dietary Inflammatory Pattern; EDIH, Empirical Dietary Index for Hyperinsulinemia; MMDS, Modified Mediterranean Diet Score; HNFI, Healthy Nordic Food Index; CHFP, Chinese Food Pagoda.
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Table 2. Characteristics of the included randomised controlled trials (n = 14) examining the association between dietary interventions and prognosis in cancer survivors.
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Author, Year

	
Country

	
Population (Clinical Features, Sample Size, Age, Follow-Up)

	
Intervention Description

	
Outcome (Primary, Secondary)

	
QoL Assessment

	
Results: Effect Parameter (CI or p-Value)

	
Observations






	
Several cancers




	
Yun, 2017

	
South Korea

	
Cancer survivors who had completed primary cancer treatment within the last 18–24 months. 248 participants randomised: 88 allocated to usual care, 166 to intervention.

	
LEACH program: first 1-h health education workshop (physical activity, dietary habits, and distress management) and a 3-h leadership workshop. Next individual coaching by telephone for a 24-week period; overall 16 sessions of tele-coaching were conducted: 30 min per week for 12 sessions, 30 min per 2 weeks for 2 sessions and 30 min per month for 2 sessions. Total duration: 1 year.

	
Primary: changes in physical activity, diet and in PTGI. Secondary: quality of life (QoL).

	
HADS, EORTC QLQ-C30.

	
Assessment at 12-month, adjusted means intervention group vs. control group (p-value): PTGI: 66.3 vs. 61.2 (p = 0.065). HADS: 5.2 vs. 5.7 (p = 0.23). EORTC (global health): 69.0 vs. 66.0 (p = 0.27). EORTC (fatigue): 34.8 vs. 41.9 (p = 0.01).

	
Included in situ, localised or regional with a favourable prognosis of cancers of the breast, stomach, colon and lung. The assessment at 12-months was carried out over 72 subjects (control group) and 134 (intervention group).




	
Breast cancer (BC)




	
Scott, 2013

	
UK

	
90 women with early stage cancer (stage I–III), treated within the previous 3–18 months; mean age 56 years. 47 intervention, 43 controls; completed assessment at 6-month: 41 and 48.

	
6-month lifestyle intervention: exercise + hypocaloric healthy eating program: 3 supervised exercise sessions/week and individualised dietary advice + weekly nutrition seminars. Diet sessions: information on portion sizes from common foods and healthy eating plan. Goal: to reduce 600 kcal of daily calorie intake of their calculated energy requirements.

	
Primary: body weight, body composition. Secondary: quality of life (QoL).

	
FACT-B assessed at baseline and at 6-month.

	
FACT-B QoL: significant improvement in the intervention group: >6 points (p = 0.004) in FACT-B score and >2 points (p = 0.007) in the breast cancer subscale. Moreover, reduction in the intervention group of waist circumference (p < 0.001) and waist-to-hip ratio (p < 0.005).

	




	
Goodwin, 2014

	
USA and Canada

	
LISA Study. Multicentre randomised trial in postmenopausal women with tumours stage T1-3N0-3M0, BMI ≥ 24. Lifestyle intervention (up to 24 mo) diet + physical activity counselling, evaluating secondary outcomes. Groups: (n = 167) mail-based intervention and (n = 171) individual lifestyle intervention (LI).

	
Both arms received information on healthy lifestyle at baseline and at 1-year. Individualised LI: 2-year telephone-based intervention on the diabetes prevention program. Goal: 10% weight loss to a BMI not less than 21; calorie reduction to attain 500–1000 kcal daily deficit, and reduction in fat to 20% of kcal, and increased intake of fruits, vegetables, and grains; gradual increase in moderate-intensity aerobic physical activity to 150–200 min/week.

	
Primary: disease-free survival. Secondary: overall survival, distant-disease-free survival, weight loss, quality of life (QoL).

	
QoL: EORTC QLQ-C30 (physical condition and overall QoL score); SF-36 (PCS and MCS); Fatigue Symptom Inventory; Breast Symptom Checklist.

	
Weight: mean weight loss was significantly (p < 0.001) greater in the LI arm vs. comparison arm: 5.3% vs. 0.7% at 6 months, 3.6% vs. 0.4% at 24 months. QoL: mean change in SFS6-PCS from baseline, LI arm vs. comparison arm: 4.2 vs. 2.3 at 6 months, 4.4 vs. 2.9 at 12 months, 4.1 vs. 4.4 at 24 months; p = 0.005. No significant changes in SF36-MCS. EORTC QLQ-C30 physical condition score (p < 0.001). No significant improvement in EORTC QLQ-C30 Quality of Life Score (p = 0.062). All p-values are adjusted for time period of assessment.

	
Accrual was terminated at 338 of 2150 planned patients because of loss of funding. Therefore, only intermediate (24-month) secondary outcomes are presented.




	
Swisher, 2015

	
USA

	
Survivors triple-negative BC (stage I–III), BMI > 25, age < 80 years, average time at enrolment in the study after diagnosis 4–5 years. 28 women enrolled: 20 allocated to control group, 18 to the intervention.

	
Moderate-intensity aerobic exercise (150 min per week, for 12 weeks) and diet counselling, compared to usual care. Dietary counselling based on 2 individual sessions with the study dietitian; goal: to decrease dietary fat intake by 200 kcal per week.

	
Primary outcome: weight loss. Secondary: physical function, quality of life (QoL).

	
FACT-B.

	
Weight: subject in the intervention lost more body fat (2.4% loss vs. 0.4% gain, p < 0.05) than the control group. QoL (FACT-B): improvements in physical well-being (p < 0.05) and BC-specific items (p < 0.05).

	
Assessment based upon women who completed the trial (12 weeks): 18 in the intervention group and 10 from the control group.




	
Demark-Wahnefried, 2015

	
USA

	
The ENERGY trial: single-blinded randomised phase 3 trial. Participants: women diagnosed within the previous 5 years on cancer stage-I-III, aged > 21 years and BMI 25–45. Intensive intervention (n = 344) or less intensive intervention (control arm) (n = 348).

	
Intervention: group-based, semi-structured weight loss program + telephone counselling and tailored newsletters, according to ACS guidelines. 4 months, 1 h group session/week + 1 session/week for 2 months and 1 session/week during 6–12 months + personalised guidance in between the sessions. + mailed newsletter on a quarterly basis from 6–24 months (individually tailored). Control group received two contacts: at baseline and at 6 months.

	
Primary outcome: quality of life (QoL).

	
SF-36; refined Impact of Cancer Scale (IOCv2); BCPT Symptom Scales; CES-D.

	
Assessment at 12 and 24-month. Non-significant changes for SF36 vitality subscale score (p-values 0.509 and 0.185). Improvement (p = 0.051) of SF-36 physical function at 12 months and no significant change at 24 months (p = 0.185); Greater positive impact of cancer (p = 0.046) at 12 months. Depressive symptoms (CES-D) increased at 24 moths (p = 0.03).

	
The SF36 only included specific scales for vitality and physical functioning; the IOCv2 measures impact of cancer on QoL; the BCPT Symptom Scales measures side effects of medical interventions; the CES-D measures depressive symptoms. Unexpected findings related to depressive symptoms.




	
Kwiatkowski, 2017

	
France

	
PACThe trial. Patients enrolled within 9 months after chemotherapy or radiotherapy completion. 251 participants randomised: 117 intervention, 115 control group.

	
2-week intervention in hydrothermal centres including APANE (adapted physical activity and nutritional education). Energy intake: 1200 kcal/day. Diet program based on Four-Group Point Method. Control group: individual standard recommendations at home.

	
Primary outcome: long-term (6-month to 5-years) quality of life.

	
SF36 (global score).

	
Effect-sizes (difference between means of the two groups divided by the common standard deviation) for the SF36 score at different time periods: 6 months 0.63 (0.37, 0.89); 1 year 0.29 (0.03, 0.55); 2 years 0.27 (−0.01, 0.56). Effect-size over the whole follow-up period 0.33 (0.23, 0.43), p < 0.01.

	
Secondary endpoints: anxiety/depression (HAD), sleep (adapted from Leeds sleep evaluation questionnaire), physical/sedentary activity scores.




	
Zick, 2017

	
USA

	
Pilot study, 30 breast cancer patients stage 0-IIIa (15 intervention, 15 control group)

	
FRD: rich in fruits, vegetables, whole grains, and omega-3 fatty acid-rich foods. 3-months, phone counselling. Control: 8 sessions general health topics excluding diet).

	
Primary outcome: fatigue. Secondary: sleep quality.

	
BFI, PSQI

	
Adjusted means (difference between baseline and 3-months). BFI decreased by 2.4 in the FRD group vs. controls (p = 0.01). PSQI score decreased by 2.5 t in FRD group and increased by 0.9 in the control group (p = 0.03).

	
Intention-to-treat (ITT) analysis. Dietary assessment: at baseline and 3 months by means of day food records and 24-h recalls.




	
Chlebowski, 2020

	
USA

	
WHI-DM trial. 3374 breast cancer survivors (1299 intervention, 2075 controls) median follow-up 19.6-year.

	
Low-fat dietary pattern: the goals were to reduce fat intake to 20% of energy and increase vegetable, fruit, and grain intake. Intervention period: 8.5-years.

	
Overall mortality, breast cancer specific mortality.

	
-

	
Mortality: HR 0.85 (0.74–0.96), p = 0.01. Breast cancer mortality: HR 0.79 (0.64–0.97), p = 0.02.

	
Intention-to-treat, secondary analysis (the primary outcome was recurrence). Lack of breast cancer therapy information.




	
Ruiz-Vozmediano, 2020

	
Spain

	
72 women stage IIA-IIB with treatment completed within previous 12 months. Randomised to intervention (n = 36) and control group (n = 36), completion of treatment 12 mo earlier. Follow-up: 6 month after intervention.

	
Intervention (6-month); diet: three 5-h workshops on healthy eating patterns and information on risk factors and prevention; exercise: 7-week period, 60-min class, 3/week, and mindfulness program (4-week, 2/week, 90 min. Control group: usual care.

	
Primary outcome: quality of life (QoL). Secondary outcome: change in weight.

	
EORTC QLQ-C30, 5 functional domains: physical, role, cognitive, emotional, and social.

	
Comparison of means (intervention vs. control at 6-month: significant improvements in physical functioning (p = 0.027), role functioning (p = 0.028), dyspnoea symptoms (p = 0.066). No significant changes in global health and fatigue.

	
only 15 patients completed at least 75% of program sessions.




	
Colorectal cancer (CRC)




	
Bourke, 2011

	
UK

	
Pilot trial; 18 colon cancer survivors, mean age 69 years, Dukes stage A-C, recruited months post-surgery; 9 intervention, 9 controls.

	
Intervention: 12-week program of home-based exercise sessions and dietary advice (n = 9); controls: standard care.

	
Exercise and dietary behaviours, fatigue and quality of life (QoL).

	
FACT-F (fatigue) and FACT-C (CRC-specific QoL).

	
Intervention vs. control: improved fatigue (FACT-F score) p = 0.005 and no change in QoL (FACT-C score) p = 0.80.

	




	
Bonelli, 2013

	
Italy

	
Double-blind, phase III, randomised, placebo-controlled trial. 411 post-polypectomy (within 6 months from enrolment). 200 intervention, 211 placebo group. Median follow-up 4 years.

	
Active compound (200 μg selenium, 30 mg zinc, 2 mg vitamin A, 180 mg vitamin C, 30 mg vitamin E) vs. placebo; daily, 5 years.

	
Primary: recurrent adenomas or incident colorectal cancer. Secondary: advanced adenoma.

	
-

	
Recurrent adenomas (intervention vs. placebo): HR = 0.61 (0.41–0.92); for small tubular adenomas HR = 0.61 (0.37–0.99); advanced adenomas HR = 0.50 (0.24–1.01).

	
Intention-to-treat analysis in 330 (out of 411) participants with follow-up colonoscopy (164 intervention and 166 placebo group).




	
Ho, 2020

	
China

	
223 colorectal cancer survivors (82 women), mean age 65 years. 4 groups: Group A (Diet + PA), Group B (Diet only), Group C (PA only), Group D (control group).

	
Intervention: ‘Moving Bright, Eating Smart’. Reduce red/processed meat to <5 servings/week (<2 servings of processed meat) and to limit refined grains to 2 servings/day. Overall 12-month, with decreasing frequency on contacts along the year. Control: usual care.

	
Quality of life (QoL); assessment at 6, 12, 18, and 24 months.

	
SF-12 (health-related QoL), SF-6D utility index, FACT-C (CRC-health related QoL), FACT-G (excluding disease-specific items), HADS (anxiety and depression).

	
Mean difference between groups, dietary intervention vs. not receiving diet intervention: At 12-mont, SF-6D utility index scores 0.042 (0.003–0.081) and FACT-G total score 3.09 (0.13–6.04). At 24-month, SF-12 PCS scores (2.57 (0.69–4.45) and the FACT-G total scores 3.14 (0.23–6.04). Overall, reduction in HADS-depression 0.71 (1.28–0.14).

	
Intention-to-treat principle. Results on physical activity intervention available, but no results on combined intervention.




	
Prostate cancer




	
Parsons, 2020

	
US

	
Men’s Eating and Living (MEAL) study, 478 men, 50–80 years, with biopsy-proven prostate adenocarcinoma early-stage (cT2a or less and PSA < 10 ng/mL). Intervention (n = 237), controls (n = 241).

	
MEAL intervention: counselling behavioural intervention by telephone promoting consumption of 7 or more vegetable servings daily; duration 24 months. Control group: written information about diet and prostate cancer.

	
Primary: time to progression (by biopsy and PSA changes). Secondary: health related quality of life (QoL).

	
Several functional and health prostate cancer- related QoL scores.

	
No significant difference in time to progression (intervention vs. control: adjusted HR 0.97 (0.76–1.25), p = 0.84.

	
Results on QoL no reported.




	
Endometrial cancer




	
Koutoukidis, 2019

	
UK

	
DEUS pilot trial: parallel, randomised, controlled pilot trial; 54 survivors stage I-IVA endometrial cancer; allocation to either intervention (n = 26) or usual care (n = 28).

	
Intervention: the ‘Shape-Up following cancer treatment’; 8 weeks, group-based weekly 1.5 h sessions on healthy eating and physical activity based on Social Cognitive Theory and Control Theory. Control group: usual care.

	
Diet, physical activity, body composition, and health-related quality of life (QoL)

	
EORTC Core 30 and Endometrial Cancer Module (QLQ-EN24)

	
Change (mean) from baseline to 8 weeks: EORTC QLQ-C30, 5.0 (−3.4–13.3), p = 0.24; at 24 weeks 8.9 (0.9–16.8), p = 0.029.

	
Intention-to-treat analysis in participants with complete data at 24 weeks (24 intervention, 25 controls)








Abbreviations: BMI, body mass index, PACThe, programme of Accompanying women after breast Cancer treatment completion in Thermal resorts; WHI-DM, Women’s Health Initiative—Dietary Modification; LEACH, Leadership and Coaching for Health program; LISA, Lifestyle Intervention in Adjuvant Treatment of Early Breast Cancer Study; HADS, Hospital Anxiety and Depression scale; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; SF36, Short Form Health Survey; Physical component scale (PCS) and Mental Component Scale (MCS); FACT-B, Function After Cancer Therapy-Breast; FACT-C, Function After Cancer Therapy-Colorectal; FACT-G, Function After Cancer Therapy- excluding the colorectal cancer-specific items; BCPT, Breast Cancer Prevention Trial; BFI, Brief fatigue inventory; PSQI, Pittsburgh sleep quality index; PTGI, post-traumatic growth inventory; PA, physical activity; mo, months; FRD, fatigue reduction diet; APANE, adapted physical activity and nutritional education.
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